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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
SECTION 1.0 - INTRODUCTION (page 1 of 38)

This document supplements the Quality Assurance Project Plan (QAPP) for the American
Chemical Services Site Remedial Investigation/Feasibility Study (RI/FS) in Griffith,
Indiana. The changes in the QAPP are presented as an addendum to the approved QAPP,
dated May 1989. Phase II RI activities have been established based on the results
documented in the Phase I RI Technical Memoranda.

Reference will be made to the previous QAPP document through citation of page numbers,
as applicable. Unless changes are noted in this document, the description of activities in
the original QAPP remain as stated.

The overall objective of Phase II investigation is to further determine the nature and extent
of potential contamination at the site in order to support the activities of the Feasibility
Study (FS). Results of Phase II investigation will build on information collected during
Phase I to provide a clearer picture of waste characteristics and potential for groundwater
contamination.
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QAPP Addendum
Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

SECTION 2.0 - TABLE OF CONTENTS (page 3 of 38)

The Table of Contents is unchanged. Modifications made are referenced to the
appropriate locations in the original document.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
N30-PR N (page 7 or 38)

The site characterization described in Section 3 (page 7 of 38) remains as stated. Proposed
Phase II activities are described in detail in the Supplemental Work Plan (SWP). The field
and sampling activities for each of the Phase II activities are summarized in Table 1 of this
QAPP Addendum.

Many of the activities in the Phase I SWP simply increase or re-allocate previously
approved sampling procedures and are not included in this QAAP Addendum. However
the following sampling and analysis activities were not included in the original Work Plan
and QAPP:

Field screening of VOC concentrations in groundwater.

Reduction/Oxidation Potential (Redox) testing of field samples while collecting
groundwater samples from monitoring wells.

Dissolved oxygen (DO) testing of field samples while collecting groundwater
samples from monitoring wells.

Analysis for Total Organic Carbon (TOC) in solid matrix samples.

Data use and the associated data quality objectives for the above four activities have been
summarized in Table 2 of this QAPP Addendum.

Specific analytical procedures to be used in above activities are contained in Appendix B of
this QAPP Addendum.

A summary of Phase II sample numbers and matrices is given in Table 3. A summary of

sample containers, sample volumes, preservatives and shipping methods is given in Table 4.
The project schedule for Phase II of the ACS Site RI/FS can be found in Table 5.
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QAPP Addendum .
Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

SECTION 4.0 - PROJECT ORGANIZATION AND &ESPQNSEIQ' TTES (page 17 of 38)

Project Organization and Responsibility remain as stated.
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QAPP Addendum

Phase I Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
SECTION 5.0 - OUALITY ASSURANCE OBJECTIVES (page 5-1)

The QA objectives remain as stated with the following exceptions:

The last sentence of the second paragraph should refer to Table 2 of this QAPP
Addendum in addition to Table 4 of the original QAPP.

Subsection 5.1.2 (page 21 of 38) CompuChem is ammended to include: Samples
collected from p(r?vagite wells wzll be analyzed for TCL organics using methI())ds
described in Appendix B1, which provide lower detection limits than CLP
protocols. Larger volumes of sample media and MS/MSD samples will be
collected for low-detection-limit analyses (Table 4 of this QAPP Addendum). As
described in the method description, these analyses will have a similar level of QC
effort as CLP protocols.

Subsection 5.1.2 (page 22 of 38) is ammended to include samples to be analyzed
for total organic carbon (TOC). This analysis will follow the protocols described in
Appendix B-2, with QC effort.

Subsection 5.1.3 Field Measurement (page 22-38) is amended to include the

following:

Field Sumg% of Groundwater for VOCs
The level of QC effort for the collection and screening of groundwater samples in

the field will consist of initial and continuing calibrations at regular intervals as
described with the method in Appendix B-3.

Dissolved Q%ggn

The level of QC effort for field measurement of dissolved oxygen (DO) will consist
of pre-calibration and calibration checks of 1 per 10 samples as described in
Appendix B4.

Redox Potential

The level of QC effort for field measurement of redox potential (L) will consist of
zeroing the instrument and checking operation before use and at regular intervals
(1 per 10 samples). See Appendix B-5.

Subsection isi itivity of is (page 23 of 38) is
amended to include the following:

Accuracy, precision and sensitivity of the groundwater field screening method
are described with the method reference in Appendix B-3.

Accuracy of field measured DO will be judged from agreement of instrument
readings with aerated water. Agreement will be within +0.5 mg/L.
Measurement precision will be estimated by periodically (1 per 10 samples)
making duplicate readings of samples.
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QAPP Addendum _
Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

Accuracy of field measured Redox potential will be judged from agreement of

instrument readings with standard buffer solutions. Agreement with standards

will be within +10 mV of expected value and field measurements will be made

to 1.0 mV. Measurement precision will be estimated by periodically (1 per 10

iv;amph;s) utljaking duplicate readings of samples. If the unit fails to zero it will
e replaced.
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QAPP Addendum
Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

SECTION 6,0 - SAMPLING PROCEDURES (page 25 of 38)

Specific Phase II sampling procedures are as documented in the original Sampling Plan.
Table 4 of this QAPP addendum summarizes sample containers, preservatives, holding
times, packing and transport methods.

Documentation of use of specific procedures outlined in the Sampling Plan will be made by
initialed entries in the field log book by the Sampling Team Leader. Further details are in
the original Sampling Plan.
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QAPI" Addendum .
Phase IT Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

E N 7.0 - SAMP Y (page 26 of 38)

Sample custody and documentation will follow procedures as stated.
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. QAPP Addendum o .
Phase II Remedial Investigation Revision: Final
\ American Chemical Services Site Date: 12/29/89
i N80- D N
PREVENTATIVE MAINTENANCE FOR FIELD INSTRUMENTS

(Page 29 of 38)
This section remains as stated with the following amendment:
Instruments used for groundwater field screening, DO and Redox potential will be
calibrated or will undergo internal systems checks, as appropriate, prior to use

following procedures recommended by the manufacturer (Appendices B-3, B-4 and B-
5 respectively).
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
SECTION 9.0 - ANALYTICAL SERVICES (page 30 of 38)

This section is ammended to replace Hazelton with CompuChem and the analytical
procedures for the organic analysis of private drinking water samples are provided in
Appendix B-1. Samples to be analyzed for TOC will follow procedures outlined in

Appendix B-2.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

E N 10.0 - DATA RED V. TION REPORTING (page 31 of
38) '

Procedures for data reduction, validation and reporting remain as stated, with the inclusion
of Appendix B-1 through B-5 of this QAPP Addendum.
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QAPP Addendum
Phase I Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

SECTION 11.0 - INTERNAL QUALITY CONTROL CHECKS (page 32 of 38)

This Section is unchanged.
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QAPP Addendum
Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89

SECTION 12.0 - PERFORMANCE AND SYSTEM AUDITS (page 33 of 38)

This Section is unchanged.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
N - PREVENT, (page 34 of 38)

Preventative maintenance of field instruments will remain as stated, with the following
amendment:

Preventative maintenance of Field GC, DO meter and Eh meter are provided with
method references in Appendix B-3 through B-5.

Preventative maintenance of instruments used for TOC determination will follow
manufactures recommendations.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
E N 140 - DURE ED E TA
PR ION.A MP (page 35 of 38)
This Section is unchanged.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
SECTION 15.0 - CORRECTIVE ACTION (page 37 of 38)

This Section is unchanged.
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QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
SECTION 16.0 - QUALITY ASSURANCE REPORTS TQO MANAGEMENT (page 38 of
38)

This Section is unchénged.
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Table 1

Phase [1 Site Investigation Summary
American Chemical Services CERCLA Site

Griffith, Indiena

Supplemental

Work Plan

Reference
Activity Letter Description Result
Vater Level A Collect water levels at piezometers, Additional water level
Measurements monitoring wells, and staff gauges data

Upper Aquifer Field
Screening

Monitoring Well
Instellation Lower

Aquifer

Upper Aquifer

Aquifer Matrix
Sampling
Private Well Sampling

Aquifer Tests

Sediment Sampling

oaom

Estimated concentrations
of BETX in groundwater
samples from upper
aquifer

Lower aquifer water
levels and water samples.
Concentration of EPA

TCL and TAL parsmeters

15 grouncwater samples snalyzed
by head space/field GC for
estimated concentrations

Four monitoring wells screened
in lower (Velperaiso) aquifer

Delineate the horizontal
and vertical extent of

upper aquifer
contamination

Four to eight additional upper
aquifer wells installed

Concentration of EPA TCL
and TAL parameters

Collect 5 aquifer matrix samples
from interior of groundwater plume

Concentration of EPA TCL
and TAL parameters

Collect water samples from 1
upgradient snd 9 downgradient water
supply wells

Permeability testing at 4 upper
aquifer and 4 lower aquifer
locations

Estimates of aquifer
permeability

Concentration of EPA TCL
and TAL parameters

Collect 5 sediment samples from
drainageways surrounding site

Anticipeted Number
of Investigation Samples

tilization of Dat

Assess hydraul ic gradients and
surfece water gravel water
interactions

Afd in identification of
horizontal extent of groundwater
contamination by VOCs

for monitoring well placement

FA 20-30 aC snalysis

LA:
LA:
182

1. Extend site stratigraphy

2. Determine vertical hydraulic
gradients

3. DODetermine horizontal hydraulic
gradient

6 Geotech Samples
4 Analytical Semples
Water levels

1. Document water quality in lower LA:
aqui fer

2. Concentration of EPA TCL and TAL
parameters

4-8 Analytical Samples

1. Further examine upper aquifer LA:
contamination

2. Data for treatability studies

5 Analytical samples

Examine for potential contamination LA:
of private water supply wells
surrounding the site

10 Analytical samples

1. Input to contaminant transport None
model

2. Data to calculate fate ad and
transport

3. Data to evaluate remedfal
alternatives

Determine if eroding sediments are LA: 5 Analytical
a potential contamination risk

[




Reference
Activity Letter
Sediment Sampling E
Aerial Photograph F
Field Parameter G
Analysis
Waste Sempling H
otes:

1S = Insitu Analysis
LA = Laboratory Analysis
FA = Field Analysis

v251WP01PIV/ ID
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Teble 1
(cont inued)

Phase 11 Site Investigation Summery
American Chemical Services CERCLA Site
Griffith, Indiena

Anticipated Number

pescription Result iza f Da of Jnvestigation Samples
Collect 5 near surface soil/ Anelyze grain size, and Determine sorptive properties and LA: 5 Geotechnical samples
sediment samples total organic carbon natural attenuation cepebilities of
wetland
Infr:red color serial photo taken Infrared color photo Wetland del fneation None
of site
During groundwater sample Fleld psrameter of Afd in assessing treatability 15: 18
collection, made field measurements monitoring well water of groundwater

including temperature, pH, dissolved
oxygen and redox potential

Collect 20 additional wastessoil Physical and chemical Deta for competibility and tA: 20
samples extent of buried waste treatability evaluator



Table 2

Summary of Additional or Modified Data Generating Activities
And Associated Data Quality Objectives
American Chemical Services Site

Supplemental
Work Plan
Reference
Activity Letter Use of Data Data Quality Objectives
Private Well Sampling B Examine potential contamination Identify compounds present. Meet
of private water supply wells performance criteria for TCL organics
surrounding the site. as stated in CLP SOW 7/87 (or most recent).
Meet performance criteria for inorganics
and indicators as specified in Appendix F.
of original QAPP and Appendix C of QAPP
Addendum.
Upper Aquifer Field B Aid in identification of Estimate concentrations (;50%) of BETX
Screening horizontal extent of ground- compounds as indicators of VOC
water contamination by VOCs contamination. Meet performance criteria
for monitoring well placement. specified in Appendix B-3 of QAPP Addendum.
Field Parameter Analysis G Aid in assessing treatability Meet instrument performance criteria
(D.0. and Redox) specified in Appendix B-4 and B-5.
Sediment Sampling E Determine sorptive properties Meet performance criteria for grain size
and natural attenuation specified in Appendix F of original QAPP
capabilities of wetlands. and criteria for TOC specified in Appendix

V251WP01PJV
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SampleC1)(7)
atri

Phase |

Monitoring

Wells

Round 2

Groundwater

Private
Wells
(Low
Detection
Limits)

Eorpochen”

Compuchem

Compuchem
Compuchem
Compuchem
Warzyn
Warzyn
Warzyn
Warzyn

Warzyn

Warzyn
Warzyn

Compuchem
Compuchem
Compuchem
Warzyn
Warzyn
Warzyn

Warzyn

SUMMARY OF PHASE 11 SITE CHARACTERIZATION
QAPP ADDENDUM, PHASE 11 R1
ACS SITE, GRIFFITH, INDIANA

Laboratory
Parmtgrs{2,5,62
TCL Volatiles

TCL Semi-Volatiles

TCL Volatiles

TCL Semi-Volatiles
TCL PCB/Pesticides

TCL Metals (Dissolved)
TCL Metals (Tota!)
Cyanide

Chloride, Alkslinity,
Sulfate

Ammonia, Nitrate-Nitrite,
T0C, COD

Total Dissolved Solids
Total Suspended Solids

TCL Volatiles

TCL Semi-Volatiles

TCL PCB/Pesticides

TCL Metals (Total)
Cyanide (Unfiltered)
Chloride, Alkalinity,
Sulfate,

Ammonia, Nitrate-Nitrite,
cop

suﬂy(s)

Lh_s%g

28

N O NNNDNNNND

No. of
Investigative

TABLE 3

No. of Field

ML‘.@_‘E

N «a« N NN NN

- d il

-

No. of
fi_el.f_ﬂm

1

N NN

- PRSP Y S G §

Metrix Spikes(4)

Matrix Spike

Mizgn
1

o O o N NN

0 000

ta. i

Total No. of

Samples

9

18

*

18

L]

[ S ]



Sample(1)
Matrix

Sediment

Natural Soils
-Waste Borings

Aquifer
Materials

Samples

Geotechnical
Samples-
Wells and
Sediment

Notes

Laboratory

Compuchem
Compuchem
Compuchem
Warzyn
Warzyn

Compuchem
Compuchem
Compuchem
Warzyn
Warzyn
Warzyn

Compuchem
Compuchem
Compuchem
Warzyn
Warzyn

Warzyn
Warzyn

Harzyn
Warzyn

Laboratory
Parsmeters(2,5 6y

TCL Volatiles

TCL Semi-Volatiles
TCL PCB/Pesticides
TCL Metals

Cyanide

TCL Volatfles#

TCL Semi-volatiles?
TCL PCB/Pesticides#
TCL Metals#
Cysnide#

volatile Residue#

TCL Volatiles

TCL Semi-volatiles
TCL PCB/Pesticides
TCL Metals

Cyanide

Atterberg limits
Particle Size
Total Organic Carbon

Cation Exchange Capacity

Total Porosity

Study(3)
Phase

NN

NNNNN NNNNNN NN

Somples will be considered low or medium concentration.

2 See Appendix 8 for TCL analyte lists, also up to 30 tentatively identified compounds.

3 The star (*) indicates that the number of samples and specific parameters witl be determined
Preliminary assessment indicates that up to 9 wells will be
sampled for the complete TCL, end the remaining number will be sampled for a reduced

Also note that Phase 2A sample number is given as the expected maximum.
Sample numbers do not reflect the additional volume of samples required for matrix
spikes and metrix spike duplicate snatysis.
Temperature, pH and specific conductance measurements will be taken in the field for
aqueous Quelitative screening with the HNu or OVA will be performed on solid samples.
The # indicates need for each specific enatysis wilt be determined in field.

Trip blanks will be included for VOA snalysis with each cooler shipped containing liquid samples

from Phase 1 and 2A results.

perameter list.

-~ v~

samples.

for VOA analysis.

V251QAPP2PJV/ JD

TABLE 3 (Continued)

o. of
Investigative

AV RN RV RV RV ]

.No. of Field

- b wb b b

—ped bkt NNNNNN

QONOO

No. of
Field Blanks

-kl b

QOO0 00000 CooO0OO

Matrix Spikes(4)
Matrix Spike

Duplicate

COQ =

OO0 OQ—-wa OO0t

Total No. of

Semples

NN~

| 1 R



nalysis

WATER AND LEACHATE

Low Concentration (Organics)
Semi-Volatiles
Pesticides/PCBs

Volatiles

Low %ﬁentrution (Inorganics)
Metals (gr ater)

Metals (leachate, surface water
and private water supply wells)

Cyanide

Other Analysis
Chlorides, Alkalinity

Sul fate

Total Orgenic Carbon, Ammonia,
Nitrate-Nitrite, Chemical
Oxygen Demand

Total Dissolved Solids
Total Suspended Solids

L.

TABLE 4

SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING
FOR WATER, SEDIMENT AND LEACHATE SAMPLES

Bottles and Jars

Two-(four for private
wells) 1-liter smber bottle
(teflon-lined cap)

Two (four for private
wells) 1-liter amber bottle
(teflon-lined caps)

Two (three for private
wells) 40-ml volatile
orgenic analysis

(VOA vials)

One 1-liter high density
polyethylene bottle

One 1-liter high density
polyethylene bottle

One 1-liter high density
polyethylene bottle

One 1-liter high density
polyethylene

One 1-liter polyethylene
high density bottle

One 1-liter polyethylene
high density bottle

Preservation

Iced to 4°C

lced to 4°C

Iced to 4OC
HCL to pH <2

Filter through_ 0.45
um filter, HNO3, to
pH <2 Iced to 4°C
Optional

H to pH <2
l:g to 4°C

NaOH to ph >12
Iced to 4°C

1ced to 4°C
Iced to 4°C
H4S0; to pH <2

iced to 4°C

Holding Time

S days mtl-l

extraction, 40

days after

extraction

5 days until
extraction, 40
days after
extraction

7 days

(48 hours for
surface water)

6 months
(Hg, 26 deys)

28 days

14 days

28 days (14
days for
alkalinity)

28 days

7 days
(filter upon
receipt at lab)

Yolume of Sample

Fill bottle to
neck

Fitl bottle to
neck

Filt completely
no headspece

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fitl to shoulder
of bottle

Fill to shoulder

Fill to shoulder

tr v @

shipping

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Dally
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Dally
by Overnight

Carrier

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

PR tra 0

Normal Packagi

No. 1 foam liner
or vermiculite

No. 1 foam liner
or vermiculite

No.t foam liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foem liner
or vermiculite

No. 2 fﬁam liner
or vermicul{ite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

[P
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Analysis
WATER AND LEACHATE

Low Concentration (Organics)
Semi-Volatiles

Pesticides/PCBs

Volatiles

Low Concentration ({norganics)
Metals (gr ater)

Metals (leachate, surface water
ond private water supply wells)

Cysnide

Other Analysis
Chlorides, Alkalinity

Sul fate

Total Organic Carbon, Ammonia,
Nitrate-Nitrite, Chemical
Oxygen Demand

Total Dissolved Solids
Total Suspended Solids

TABLE &

SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING
FOR WATER, SEDIMENT AND LEACHATE SAMPLES

Bottles and Jars

Two-(four for private
wells) 1-liter amber bottle
(teflon-lined cap)

Two (four for private
wells) 1-liter amber bottie
(teflon-lined caps)

Two (three for private
wells) 40-ml volatile
organic analysis

(VOA vials)

One 1-liter high density
polyethylene bottle

One 1-lLiter high density
polyethylene bottle

One 1-liter high density
polyethylene bottle

One 1-liter high density
polyethylene

One 1-liter polyethylene
high density bottle

One 1-liter polyethylene
high density bottle

Preservation

Iced to 4OC

Iced to 4°C

Iced to 49C
HCL to pH <2

Filter through_0.45
um filter, HNO3, to
pH <2 Iced to 4°C
Optional

H to pH <2
Iced to 4°C

NaOH to ph »12
Iced to 4°C

lced to 40C
Iced to 40OC
H4S0; to pH <2

Iced to 49C

Holding Time

5 days until
extraction, 40
days after
extraction

S days until
extraction, 40
days after
extraction

7 days

(48 hours for
surface water)

6 months
(Hg, 26 days)

28 doys

14 days

28 days (14
days for
alkalinity)

28 days

7 days
(filter upon
receipt at lab)

Volume of Sample

Fill bottle to
neck

Fill bottle to
neck

Fill completely
no headspace

Fill to shoutder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fitl to shoulder
of bottle

Fill to shoulder

Fill to shoulder

Shipping

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight

Carrier

shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Dafly
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Shipped Dally
by Overnight
Carrier

Shipped Daily
by Overnight
Carrier

Normal Packaging

No. 1 foam liner
or vermiculite

No. 1 foam liner
or vermiculite

No.1 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam tiner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

No. 2 foam liner
or vermiculite

LIS Y



TABLE 4

(Continued)
Analysis Bottles and Jars Preservation Holding Time Volume of Sample Shipping Normel Packaging
SOIL/SEDIMENT
Low or Med Concentration (Organics)
Acid extractables, base/neutra One 8-0z wide mouth glass lced to 40C 10 days until  Fitl 374 full Shipped Daily Foam liner No. 3
extractables, pesticides/PCBs jar extraction by Overnight (Med in cans/
Carrier vermicul ite)
Volatiles Two 120-ml VOA vials Iced to 4°C 10 days Fill completely Shipped Daily Vermiculite
no headspace by Overnight (Med in cens/
Carrier vermicul fte)
Low_or Med goncﬁtrntlon (Inorganics)
Metals Cyan One 8-0z wide mouth Iced to 4°C 6 months (14 Fill 374 full Shipped baily Foem liner No. 3
glass jar days for by Overnight {(Med in cens/
cyanide Carrier vermiculite)
Phqica% Annlz?es
Grain size, moisture content One B-0z wide mouth None not established Fill 374 full Shipped Dafly Vermiculite
glass jar by Overnight
Carrier
Atterberg Limits One 8-0r wide mouth None not established FILl 374 full Shipped Daily Vermiculite
glass jar by Overnight
Carrier
Permeability 3-in Shelby Tubes 4oC not established Fill 3/4 full Shipped Daily Vermiculite
by Overnight
Carrier
Total Organic Carbon One 8-o0z wide mouth None 28 days Fill 374 full Shipped Daily Vermiculite
glass jar gy o\'rernlght
arrier

V251QAPP2PJIV/gmg/PJV
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APPENDIX A

SUPPLEMENTAL WORK PLAN
PHASE II RI/FS ACS SITE
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Appendix A - Supplement Work Plan -1-
Phase II ACS S QAPP Addendum

SUPPLEMENTAL WORK PLAN
PHASE II REMEDIAL INVESTIGATION
AMERICAN CHEMICAL SERVICES SITE
GRIFFITH, INDIANA

INTROD

INTRODUCTION
The original Scope of Work for conducting a Remedial Investigation/ Feasibility Study

(RI/FS) at the American Chemical Services CERCLA Site, as developed for the Work
Plan and approved in the consent agreement, specifies two phases of work for conducting
the Remedial Investigation at the ACS Site. A majority of the Phase I work has been
completed. This document represents a revised scope of work for conducting phase II of
the Remedial Investigation.

In a memo dated October 17, 1989, Robert Swale, U.S. EPA Remedial Project Manager
(RPM) proposed an expanded and revised scope of work for conducting Phase II of the
RI. The PRP group has spent time and considerable expense during the month which
followed Mr. Swale’s memo, considering his proposal and responding to it. At the
direction of the PRP group, Warzyn Engineering Inc. has drafted this Work Plan
Addendum for Ptase II RI tasks to respond to the U.S. EPA proposal.

Additional time and expense have been incurred by the PRP group, and the project has
been delayed several weeks, while the PRPs have considered the U.S. EPA proposal, and
in essence, re-negotiated a scope of work, modified from the one already approved in the
signed consent agreement. That original work scope was developed in a joint effort
among the U.S. EPA, EPA’s technical contractor, Roy F. Weston, and Warzyn
(representing the PRP group).

Warzyn has developed this Supplemental Work Plan (SWP) at the request of the PRP
group to respond to the U.S. EPA Phase II proposal by re-organizing, modifying, and
supplementing the previously-approved Phase II scope of work. If this SWP and
associated QAPP addendum can be approved by December 6, 1989, it may be possible to
initiate Phase II of the Remedial Investigation during the week of January 16, 1990. The
project schedule has been revised for the assumed January 16, 1990 start of Phase II; it is
included as Table 1.
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PROPOSED P E Il WORK A ERCLA SITE

The following description of activities for the Phase II Remedial Investigation at the
ACS CERCLA site is organized in the sequence of the U.S. EPA’s October 17, 1989,
"Proposal for Phase II of the RI/FS” to facilitate review. The field and sampling
activities for each of the activities are summarized in Table 2.

A. GROUNDWATER AND SURFACE WATER FLOW DIRECTION

Four monitoring wells will be constructed during Phase II with screens sealed in the
lower aquifer. Water levels from these wells will provide data to calculate groundwater
flow direction in the lower aquifer. Water levels collected at these lower aquifer wells
will be analyzed with the data base which includes water levels at the Phase I monitoring
wells, piezometers, and staff gages. The results will be used to document the vertical
hydraulic gradient between the upper and lower aquifer across the site. Water levels will
also be used to document horizontal gradients in the lower aquifer.

Water levels have been measured at all piezometers, monitoring wells, and staff gages on
two dates. Two additional measurements will be made during Phase II of the
investigation: one during December 1989/January 1990 when the ground is frozen, and
the second during March/April 1990, when the annual hydrograph is expected to be at
its peak. Up to four additional water level measurements will be made at a
representative group of measuring points (8-12 of the piezometers, monitoring wells, and
staff gages), to provide more detailed data regarding interactions between groundwater
and surface water, and response to aquifer stresses.

Existing geologic and hydrogeologic information will be evaluated and used to
supplement the results of Phase I and II site investigations. Sources include:
information in U.S. EPA files, and the Preliminary Hydrogeologic Site Assessment
conducted in January 1986 by ATEC Associates for Mr. James Tarpo. The ATEC report
contains boring logs, sampling information and water level data from 1986.
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A numerical model will be used to synthesize the climatological data, aquifer
characteristics data, and water level data into a conceptual flow model. This will be
useful in developing an understanding of the groundwater flow system and its
interactions with surface water, and in evaluating potential remedial alternative
scenarios.

B NTAMIN P DELINEATI
Upper Aquifer Investigation, Four to eight Phase II monitoring wells are specified in the

approved work plan. Water level measurements in the upper aquifer indicate that there
is a groundwater high beneath the ACS Inc. facility, and that groundwater flow may be
radially outward. Therefore it is possible that the groundwater plume extends in several
directions from the site.

With the potential for a plume to extend in all directions from the site, it is uncertain
whether the plume could be adequately delineated if the only further activity is installing
eight additional monitoring wells. Therefore, it will be cost effective to use a field
screening technique to optimize the locations 2nd limit the number of monitoring wells.
Soil gas sampling is a generally accepted field screening technique. However, it appears
that the field work will be conducted in the winter when ground will be frozen so there
may be potentially high volatile organic concentrations in the ambient air and there may
be a high potential of getting meaningless results.

An effective field screening method at the ACS site would be to collect groundwater
samples at multiple locations surrounding the site to be analyzed for VOCs or
semivolatile compounds. The water levels measured at the piezometer network have
provided precise data regarding the depth to the water table, so it would be relatively
efficient to penetrate through the water table and collect a groundwater sample for field
GC analysis. The result would be an analytical test result for the groundwater at the
sampled location.

It is proposed that Tracer Research Corporation (Tracer) be subcontracted to collect
water samples from the aquifer in the zones indicated in Figure 1. Tracer uses a
sampling van with the capability of driving a sampling probe into the ground to collect a
groundwater sample. After the water sample is collected, head space analysis is
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conducted using the field GC instrumentation in the van. Using this method, it will be
possible to map the extent of the VOC plume in the upper aquifer in two or three days.
On the basis of the field screening, the well locations will be selected to intersect the
outer edge of plume in the upper aquifer, thereby documenting its extent and character.
Locations and numbers of wells (up to maximum of eight) necessary to adequately
accomplish this goal will be determined from the field screening results.

Aquifer samples (solid matrix samples) will be collected at up to five points within the
groundwater contamination plume to provide an indication of contaminant
characteristics for remedial alternatives evaluations. The locations will be determined
from the field screening results. Parameters for analysis will be VOC and semi-volatile
organic compounds.

Lower Aquifer Investigation, The January 1986 Preliminary Hydrogeologic report by
ATEC describes a monitoring well constructed in the lower aquifer in 1985. The report

indicates that the clay layer is approximately 12 feet thick at the ACS facility, located
between elevations 603 and 615 feet mean sea level.

During Phase II, four monitoring wells will be constructed in the lower aquifer to provide
hydraulic gradient and water quality information. A double casing drilling technique will
be used to avoid potential cross-contamination from the upper aquifer. The wells will be
constructed with stainless steel materials, and will have five-foot screens located in the
upper zone of the lower aquifer. The first three lower aquifer wells will be constructed
at the approximate locations indicated on Figure 2. The fourth well location will be
selected to be downgradient of the site on the basis of water levels in the first three.

Groundwater Sampling, The approved work plan specifies that two rounds of sampling
will be conducted at each Phase I and Phase II monitoring wells. The target compound
list (TCL) of organic parameters and the target analyte list (TAL) for inorganic
parameters will be tested for in the first round of sampling at each well. For the second
round of sampling at each well, the parameter list may be reduced to test for only the
groups of compounds which were indicated in the first round of sampling.
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During Phase II, the second round sampling will be conducted at the Phase I wells (MW-
1 through MW-6), and both rounds of sampling will be conducted in the Phase II wells.
The parameter list for Phase I monitoring wells has been reduced on the basis of Phase I
sampling results to include VOCs and semivolatile compounds.

Provided access can be obtained, ten existing water supply wells within one mile of the
site will be sampled. Water levels measured in the four lower aquifer monitoring wells
will be used to determine the groundwater flow direction in the lower aquifer in the
vicinity of the site. Nine downgradient locations and one upgradient location will be
selected for sampling and samples will be analyzed for TCL and TAL parameters.

Additional efforts will be made to classify the general characteristics or groupings of the
groundwater sampling results which have been classified as "unknown” compounds in
Phase I sampling results.

N RI i
The purpose of conducting aquifer tests in the Remedial Investigation is (1) to provide
an adequate characterization of aquifer characteristics to evaluate potential fate and
transport of contaminants for the Endangerment Assessment and (2) to provide scoping
information for remedial alternatives evaluation in the Feasibility Study.

Aquifer tests were conducted by bail test at each of the Phase I monitoring wells. In
addition, grain size analysis was conducted on samples from the aquifer material
collected from the screened zone of each of the six monitoring wells. The aquifer tests
indicate that the hydraulic conductivity (K) in the upper aquifer ranged between 1.5x10-3
cm/sec at MW-2 where the aquifer consisted of fine sand, to 1.2x10-2 cm/sec at MW-5,
where the aquifer material consisted of sand and gravel.

These results indicate the bail tests, supplemented with grain size analyses, have been
adequate to characterize the aquifer properties at the ACS site. There is no indication
that conducting a pumping test would provide significantly more precise aquifer data. It
is likely that conducting a pumping test would cause delays in project progress because
the water pumped during a pumping test would be contaminated. Warzyn's experience
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indicates that it would be very difficult and time consuming to obtain permits for disposal
of the pumped groundwater.

The physical and chemical characteristics of the three major geologic units will be
further characterized by additional analyses. Two soil samples will be collected from the
upper aquifer (Calumet Aquifer), the confining clay layer, and the lower aquifer
(Valparaiso Aquifer). Analyses for each of the six samples will include (as appropriate):
grain size, Atterberg Limits, total porosity, and total organic carbon (TOC).

A groundwater flow model will be used to synthesize the slug test data, climatological
data, and the water level measurements, and develop a conceptual model of the upper
aquifer flow regime.

R RIZATI I TRATIGRAP
Eight to twelve additional borings will be made to install monitoring wells during the
Phase II investigation. Four of the borings will extend through the clay confining layer
and be completed as double cased lower aquifer monitoring wells. The results of these
boring will document the total thickness of the clay confining layer at different locations
beneath the site.

Each of the four lower aquifer wells will be constructed in the vicinity of an upper
aquifer monitoring well to create "well nests” at four diverse locations across the site.
Water levels measured both above and below the confining layer at each of these
locations will provide further data to evaluate the integrity and continuity of the clay
layer throughout the site. Additional information regarding physical properties of each
geologic unit will be obtained in Activity C.

E. DELINEATION OF SURFACE WATER/SEDIMENT CONTAMINATION

The approved Work Plan specified 1 surface water and 1 sediment sample at 11
locations (22 total samples) for the Phase I investigation. During the field activities,
there was no standing water at several of the Surface Water/Sediment (SW/SD)
sampling locations. Mr. Swale agreed that collecting sediment samples only at these
locations would sufficiently characterize the conditions. As a result, the samples which
were not collected in Phase I will be re-allocated to Phase I1.
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Five sediment sampling locations have been identified to further characterize the
surficial contamination in the adjacent surface water areas and drainageways
surrounding the site and along the railroad between the Griffith Landfill and the marshy

area to the north. General locations are shown on Figure 3.

To aid in the determination of the sorptive properties and natural attenuation
capabilities of the wetland soils, six near surface soil samples will be collected and
submitted for laboratory analysis. Characteristics tests will include grain-size analysis
and total organic carbon (TOC) determination.

F. WETLANDS DELINEATION

During November 1989, aerial photographs were taken of the ACS site and
surroundings. Besides the photography to develop the site base map (1 in = 100 ft, 2-ft
contour interval), a black and white photograph and a color infrared photograph were
taken. Initial wetland delineation may be conducted through interpretation of these

photo maps.

U.S. EPA has reported that there is an interest by the Fish and Wildlife Department,
Indiana agencies, and local interest groups, to have detailed wetlands assessment
conducted. Apparently, the Fish and Wildlife Department has scheduled site work for
the spring of 1990. The PRP group will discuss the requirements of the assessment with
the appropriate agencies before the work is scheduled to begin, and develop an approach
to avoid duplication of effort.

G. TREATABILITY STUDIES

Phase I findings indicate that there are no wastes or contamination problems which have
not been encountered previously at other CERCLA sites. Therefore, there should be
existing information from other sites to evaluate the treatability without conducting
detailed treatability studies with ACS waste.

To facilitate completion of the feasibility study, it is appropriate to collect some
additional data regarding the chemical and physical properties of the contaminated site
media. The media which will require remediation are: the soil/waste and the
groundwater.
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The purposes of Phase II soil/waste sampling are to further delineate the extent of waste
(Activity H) and to characterize chemical and physical properties of the waste for
compatibility and treatability. Field observations during Phase I indicate that the waste
characteristics are highly diverse. The Work Plan specifies that appropriate test
parameters may be selected for each sample. Therefore, field decisions will be made to
perform appropriate analyses for characterizing waste compatibility and treatability.
Examples of possible test parameters are total organic carbon, BTU rating, and potential
ash generation. |

Most of the laboratory analyses which might be useful in assessing groundwater
treatability are being conducted in the TCL and TAL sampling required in Round 1 of
the sampling. Several field measurements will be conducted during Phase II field work
including: pH, temperature, dissolved oxygen, redox potential, depth to groundwater, and
saturated thickness.

After the feasibility study is completed, and a final design has been selected, it may be
appropriate to conduct bench or scale studies to appropriately scope the final remedy.

J [ IONAL WASTE | \ LA AIA GA
The approved Work Plan specifies that 20 additional solid matrix samples will be
collected during Phase II to further delineate the vertical and horizontal extent of
soil/waste contamination at the site. In addition, 10 samples designated for collection in
Phase I were not collected. These include the six surface water samples discussed in
Activity E (above), and four surface area (SA) samples which were deferred during the
Sample Location Staking, conducted on June 15, 1989. (During location staking,
representatives of U.S. EPA, U.S. EPA's consultant, and Warzyn agreed to defer surface
area samples which were either redundant to other sampling locations, or were located
in high traffic areas). Since these samples were Phase I samples, they included the full
TCL and TAL parameter list.

As a result, a total of 30 solid matrix samples remain to be collected from the total
number of solid matrix samples designated for Phase I and II of the approved work plan.
Five of these samples have been allocated to the sampling surface sediment in Activity E
above. Another five have been allocated to characterizing the interior upper aquifer
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contaminant plume (Activity B).

The remaining 20 sampling locations will be assigned to delineate the extent of
contamination in known waste areas, and to characterize and delineate waste in newly
identified areas. The most flexibility will result by conducting the soil/waste sampling
following the procedure used in Phase 1.

The Phase I procedure was to delineate the horizontal and vertical extent of buried
waste using auger probes; then, to go back to areas which the auger probes indicated
were most highly contaminated, or most characteristic of a given area, and collect
samples. This procedure will be used in four areas (indicated on Figure 4):

A zone between the Kapica area and the Griffith Landfill

A zone between the Kapica area and the Off-Site Containment Area
The Off-Site Containment Area

The area west of the existing treatmert lagoon

Auger probes will be used as a field screening method in each area to develop visual and
field instrument characterizations of the waste types and the horizontal and vertical
extent. Then 20 Phase II solid matrix samples will be used to characterize the waste for
compatibility and treatability as appropriate.

ENY L AUDIT OF THE AMERICAN CHEMI ERVICE

FACILITY

The work scope for Phase I of the RI included an environmental audit of the ACS
facilities. After a lengthy delay in providing site access to conduct the audit, ACS Inc.
management allowed the audit to proceed during the week of November 13, 1989.
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Tables

1. Schedule for Implementation of Phase II Activities
2. Summary of Additional or Modified Data Generating Activities

Figures

1. Field Screening Areas

2. Proposed Locations for First Three Lower Aquifer Wells
3. Surface Sediment Sampling Areas

4. Waste Areas Requiring Further Delineation

V251QAPP2PJV/dms/gmg/JIDA
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TABLE 1

SCHEDULE FOR IMPLEMENTATION AND PHASE I ACTIVITIES
AMERICAN CHEMICAL SERVICES SITE

REMEDIAL INVESTIGATION
Date Event/Deliverable
January 16, 1990 Supplemental Work Plan and QAPP Addendum Approval
January 22, 1990 Phase II Mobilization
March §, 1990 Completion of Phase II Monitoring Wells
March 23, 1990 Completion of Phase II Field Work
June 4, 1990 Complete validation of Phase II, Round 1 samples
April 13, 1990 Completion of Phase Round 2 groundwater sampling
June 19, 1990 Complete validation of Round 2 groundwater samples from
Phase II wells
June 25, 1990 Ex;i Draft Remedial Investigation Report Submitted to U.S.

V251QAPP2PIV/ID



Table 2

Summary of Additional or Modified Data Generating Activities

Use of Data

And Associated Data Quality Objectives
American Chemical Services Site

Data Quality Objectives

Supplemental
Work Plan
Reference
Activity Letter
Private Well Sampling B
Upper Aquifer Field B
Screening
Field Parameter Analysis G
(D.0. and Redox)
Sediment Sampling E

V251WPO1PIV

Examine potential contamination
of private water supply wells
surrounding the site.

Aid in identification of
horizontal extent of ground-
water contamination by VOCs
for monitoring well placement.

Aid in assessing treatability
Determine sorptive properties

and natural attenuation
capabilities of wetlands.

Identify compounds present. Meet
performance criteria for TCL organics

as stated in CLP SOW 7/87 (or most recent).
Meet performance criteria for inorganics
and indicators as specified in Appendix F.
of original QAPP and Appendix C of QAPP
Addendum.

Estimate concentrations (;50%) of BETX
compounds as indicators of VOC
contamination. Meet performance criteria
specified in Appendix B-3 of QAPP Addendum.

Meet instrument performance criteria
specified in Appendix B-4 and B-5.

Meet performance criteria for grain size
specified in Appendix F of original QAPP
and criteria for TOC specified in Appendix
B-2 of QAPP Addendum.
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APPENDIX B-1

LOW DETECTION LIMIT METHODS FOR ORGANIC ANALYSIS
OF PRIVATE WELL SAMPLES



STANDARD OPERATING PROCEDURE

LOWER DETECTION LIMIT LIQUID

VOLATILE ORGANICS



STANDARD OPERATING PROCEDURE

OVERVIEW:

This mesvc2 _x f:- t=e amalysis of EPA or COMMERCIAL HSL Lower
Letezizor w:~:t ligu:i? samcles. All standards, blanks, samples
and other required runs must be injected within twelve (12) hours
of the time the BFB was injected. All injections must be recorded
in the instrument log including the date, time (use a tuenty-four
hour time scale), volume injected, operator ID, disk number, and
any comments relevant to the injection. At the end of the tune,
unused run lines must be x'd out by the operator and the log page
signed and dated by the operator. One copy of the log page should
be placed in the log book and the other attached to the standard
package for that tune.

ORDER OF ANALYSIS:

1. BFB.

All criteria must be met according to requirements established by
the EPA (See SOP for BFB tuning). Approved tunes must have the
operator's initials in the blank labeled "Data Released By".

2. CONTINUNING CALIBRATION CHECK STANDARD.

If the instrument has a valid multipoint and the calibration check
standard meets all requirements then it may be used for the tune.

3. MULTIPOINT.

If the instrument does not have a valid multipoint for this
analysis or if the calibration check standard does not meet all
required criteria then a five-point calibration must be run. The
five-point calibration must meet all criteria as establshed by the
EPA.

4. 25 ML CONTINUING CALIBRATION CHECK STANDARD.

If the instrument has & valid multipoint and the calibration check
standard meets all requirements, then a 25 ml, 10 ug/l continuing
calibration check standard is analyzed. All data is quantitated
using the response factors from this standard.

5. 25 ML INSTRUMENT BLANK.

All surrogate criteria must be met. All compounds must be BDL
(below detection limits) except for methylene chloride and
acetone. Methylene chloride and acetone may be present at upto
the detection limit in the first blank and up to twice the
detection limit in the second blank, if the concentrations in the



two blanks are comparable. A valid blank must be obtained before
any samples may be analyzed. If no samples are analyzed during a
"tune”, a valid blank is still required if a multipoint has been
run.

B. SAaMFLES.

All samples must be injected within twelve (12) hours of the time
the BFD was injected. Samples should be analyzed according to
batch and due date. Any other required injection, such as
quarterly proficiency tests, sample spikes, blank spikes, etc.
must also be analyzed during this time. '



FIVE-POINT CALIEBRATION

FREQUENCY:

A five-point calibration must be performed if the instrument dqes
net have a valid meitapz:i=c ‘20 i=.s methzd cr 1f the cal:bral:on
check standard fails to meet ali required criteria (established by
the EPA).

NOMINAL CONCENTRATION VALUES:

The nominal concentration values and standard ID’'s for the
five-point calibration are as follows.

STANDARD ID CONCENTRATION (ug/l)
1858 200
1858 150
1857 . 100
18586 50
1855 20 ‘

STANDARDS PREPARATION:

Standards are prepared for any given level by using the volumes
listed below. All standards are prepared by spiking the
appropriate volume of each standard solution into gas tight
syringes containing 2Smls of sparged, distilled/deionized water.
All primary analytical standards should be stored in the volatile
standards refrigerator when not in use. (All volumnes are given
in ul)d.

STANDARD 1D 3 1855 1856 1857 1858 1859
836 5.0 5.0 5.0 5.0 5.0
394 5.0 5.0 5.9 5.9 5.0
1301 1.0 2.5 5.0 7.5 19.0
1307 1.0 2.5 5.9 7.5 10.0
1322 1.0 2.5 5.0 7.5 19.0

STANDARDS ANALYSIS:

Immediately after the standards are prepared they are injected via
the teflon stopcock on the Tekmar into the purge vessel and purged
for twelve (12) minutes. Samples are analyzed using the AC
progranm in the form

AC filename & number of scans to acquire

Enter the appropriate information for sample description,
including instrument ID and operator ID (as prompted by the
program). When the information has been entered and the instrument
is ready, the Tekmar is switched to the desorb position and the



sample is introduced onto the head of the column. The data
acguisition will continue unsupervisad until the designated numper
of scans has been acguired. Enocugh scans should be acguired so
that the final compound completely elutes.

QUANTITATION:

Sta~za-cc are quaniiia‘tsz _z g tre KK program with optiorn 2. The
RK procedure allows individual compounds to be quantitated using
an average fit to the response list of the most recently updated
continuing calibration check standard for the particular analysis.
The RK procedure is initiated by typing the command in the form

RK filename 22, linker

where the linker for standards quantitation. is E237. All
forty-two (42) compounds must be found for each standard {n the
five-point calibration. Compounds not found by the RK program can
be found by the UPQUAN program in the form

UPQUAN library ID 8 library entry

After all compounds have been found, the quantitation Iist must be
edited. This can be accomplished using the EQL program in the
form

EQL filename , filename

and deleting any blank entries on the gquantitation list. When the
guantitation list has been edited, it must be sorted using the
0SORT program in the fornm

QSORT filename , linker

where the linker is E237 for standards quantitation. The
guantitation list can then be reprinted by the MQ program in the
form

MO filename F2ZiH:E

which will print the compound list and the F2 table. 1f a large
number of compounds were not found by the RK program, then at this
point the 11 table should be updated so that the compounds in
subsequent samples will be located correctly. This can be
accomplished by typing the following commands:

SETH filename
SeET2 linker
RKSL B8°(E

TJo enter these commands, you must be in the Alternate Executive
mode of the computer. If you are not in the Alternate Executive
mode, typing DISSW will put you into this mode. After entering
the above ~commands and updating the 11  table, you should again
type DISSW to return you to the normal operating mode.



BENERATING THE MULTIPQINT:

After all five standards have been quantitated, the multipeoint is
penerated using the EPAMP program in the form

EFAMF lirrer

where the linker is E237. The program will then prompt you to
enter the filenames of the low, med~low, med, med-high, and high
level standards. The EPAMP program wi1ll then generate a report
detailing the response factors for each standard, the average
response factor for all five standards, and the percent relative
standard deviation (RSD) for each compound. If the response
factor for one or more compounds is missing then the multipoint
will be incorrect. The appropriate standard must be corrected
using the above procedures and the EPAMP program run agair.
Compounds designated as SPCC and CCC must alsc meet the EPA
multipoint criteria (see SPCC and CCC criteria below). In
addition, the multipoint must be inspected for any bad entries
or unusual date points. This multipoint is double checked and
approved by either a Senior Operator or the Data Review
Specialist.

DEFINITION OF A VALID MULTIPOINT:

1. One (1) valid injection of each of five standard
concentrations.

2. All standards acquired under a valid tune.

3. All compounds present in all five (5) standards.

4. All isomer pairs must be resolved.

8. All SPCC criteria must be met.

B. All CCC criteria must be met.

7. A valid Instrument Blank cobtained.

8. Multipoint reviewed and signed off by Senior Operator/Data
Review Specialist.

9. Spectra of any hits in the blank.

10. Searches of any extraneocus peaks in the blank RIC.

SPCC CRITERIA:

The ¢following ecompound must have .an average response factor
greater than or equal to 9.300 in the multipoint.

Chloromethane

1,1-Dichloroethane

Bromoform (0.250 for Bromoform only)
1,1,2,2-Tetrachloroethane
Chlorobenzene



CCC CRITERIA:

The following compounds must have a percent RSD (between the five
standards) of less than or equal to 30% in the multipoint.

Vinyl Cheride -

S =Tizmlorictmylane
Cnloroform
1,2-Dichloropropane
Toluene
Ethylbenzene

CONTENTS OF THE MULTIPOINT PACKAGE:
A complete multipoint package must contain each of the following:

1. BFB tuning and mass calibration forms,

2. A guantitation report form for sach standard.

3. f labeled RIC for each of the five standards.

4. The Multipoint form generated by the EPAMP program.

S. A guantitation report form for a valid blank.

€. A labeled RIC for the instrument blank.

7. A compound list for ‘he instrument blank which also
provides surrogate information.

8. Internal Standard Monitor for blank.



CONTINUNING CALIBRATION CHECK STANOARD

FREQUENCY:

A Calibration Check Standard should be run immediately after the
£ 1= 1njecter. Tf L-e~2 s =5 vaiid multipec:nt on the
instrument , then a Calibration Check Standard must be run after a
valid multipoint has been obtained. A valid Calibration .Check
Standard must be obtained before any samples can be analyzed.

NOMINAL CONCENTRATION:

S0 ug/l
No substitution of standard concentration is allowed.

CALIBRATION CHECK STANDARD PREPARATION:

The Calibration Check Standard is pregared by injecting the
following amounts of the primary analytical standards into a S ml
pas tight syringe containing S w] of sparged, distilled/deionized
water. All volumes are given in ul. -

STANDARD ID ¢ 1856

836 5.0
3394 5.0
1301 2.5
1307 2.5
1322 2.5

STANDARD ANALYSIS:

The Calibration Check Standard is analyzed according to the
procedure defined under the Five-Point Calibration,

QUANTITATION:
The Calibration Check Standard is quantitated according to the
procedure defined under the Five-Point Calibration.

CHECK STANDARD CALIBRATION FORM:

The validity of the calibration check standard is checked using
the EPAUP program in the form

EPAUP filename , linker .



where the appropriate linker for the apalysis 1is used. This
program sets the library amounts correctly, updates the i1 tablee,
and prints the continuing calibration - form. This form lists the
percent difference in the response factors in the shift standard
and the response factors in the multipoint. The Calibration Check
Standard must meet all SPCC and CCC requirements (below) _as
estatl:shed by the EFA ¢~ a ~ew five-point calibration must be

Tul..

#Si1nce this program updates the 1] table, the appropriate linker
must be used.

SPCC CRITERIA:

The following compounds must have an average response factor
greater than or equal to 0.300 in the multipoint.

Chloromethane

1,1-Dichloroethane

Bromoform (0.25@ for Bromoform only) -
1,1,2,2-Tetrachloroethane

Chlorobenzene

CCC CRITERIA:

The following compounds must have a percent RSD of less than or
egqual to 252 in the multipoint.

‘Vinyl Chloride
1,1=-Dichloroethylene
Chloroform
1.2-Dichloropropane
Toluene
Ethylbenzene



LK L)

25 ML CONTINUNING CHECX STANCARD

FREQUENCY:

-

2 T -+l Zcrtiruming Chezt Stancdard =rould be run immediately after
the S ml, 52 ug/l Continunirg Calibration Check Standard.

NOMINAL CONCENTRATION:
10 ug/l :
No substitution of standard concentration 1s allowed.

25 ML CONTINUNING CHECK STANDARD PREPARATION:

The 25 m]l Continuning Check Standard is prepared by injecting the
following amounts of the primary analytical standards into gas
tight syringes containing 25 m]l of sparged, distilléd/deionized
water. All volumes are given in ul.

STANDARD 1D % AMOUNT
236 5.0
394 5.0
1301 2.5
1307 2.5
- 1322 2.5

STANDARD ANALYS1S:

The 25 m]l Continuning Check Standard is analyzed acceording to the
procedure defined under the Five-Point Calibration.

QUANTITATION:

The 25 ml Continuning Check Standard is quantitated according to
the procedure defined under the Five-Point.

UPDATING THE 25 M CONTINUNING CHECK STANDARD:
The 25 ml Continuning Check Standard is updated by using the UPLIB
program to change the amounts in the libraries to 10, This is

done by following the prompts after typing

UPLIB E237 ; .



and then going into the MQ program, paging through all of the
compound names, and typing

R:E

This will update your response list. In order to update the
i~da-ral st3-z:z~Z ri-1ter ine typses

SAVUSTD FILENAME ,LINKER

CONTENTS OF THE STANDARDS PACKAGE:
The complete standard package must contain each of the following .

BFB tuning and mass calibration forms.

A quantitation report form for the Check Standard.
A labeled RIC for the Calibration Check Standard.
The Check Standard Calibration Form generated by
EPAUP.

A quatitation report for the 25 ml Check Standard.
A labeled RIC for the 25 ml Check Standard.

A quatitation report form for a valid blank.

A labeled RIC for the instrument blank. ’

A compound list for the instrument blank which also
provides surrogate information.

10. Internal Standard Monitor for blank.

11. Spectra of any hits in the blank,

12. Searches of any extraneous peaks in the blank
RIC.

LN =

woo-~onwun



25 ML INSTRUMENT. BLANK

FREQUENCY:

R valid 25 m!
ez s

3132 "

tlant mus? be ottained to gec with a valid BFB runy a
ténz3-3, #ns & 22 ml gmest standred.

25 ML INSTRUMENT BLANK PREPARATION:

A 2S5 ml instrument blank is prepared by filling gas tight syringes
with 25 mls of water. To this volume S ul of Internal Standard
$036 and 5 ul of Surrogate 3334 are added.

25 ML INSTRUMENT BLANK ANALYSIS:

The 25 ML Instrument Blank is aneslyzed according to the procedure
under Sample Analysis.

QUANTITATION:

The 25 ml Instrument Blank quantitaion is analyzed according to
the procedure under Sample Quantitation.

BENERATION OF THE COMPOUND LIST:

The 25 ml Instrument Blank Compound List is generated following
the procedure under Sample Generation Of The Compound List.

.

BENERATION OF SPECTRA:

The dual spectra and comparative spectra of any compounds found
can be generated by typing

QLLEV

LIBRARY SEARCHES:

The 25 ml Instrument Blank Library Searches are generated
following the procedure under Sample Library Searches.
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Documentation Form For:

Revising or Creating Standard Qperating Procedures (SOPs): Inc]uﬂiﬁg Designated
Personne! Kesponsibilities

Revised Procedure v’ Rew Procedure ¢~  Procedure Attached

GC TP [52: LOL | Water, Pesticide [PCbs (Hes fol]) _10-23-33

rocedure Area, litie, and S0P Number ‘ Effective Date
DM M Qﬂmaﬁ'\ k-3¢ .
Procedure Prepared By Date
-39
Doue, M L Cnah . y--3 -
Procedure Redd, Unddrstood, and Approved By Date
Appropriate Laborajoyy r%on Manager, /
\ e Mg : 23181
Procedure Read, Uhderstood, and Approved By g Date

Quality Assurance Representative

This procedure(s) meets the requirements as set forth in the following
References for Approved Methods:

s

These procedures describe how tasks are performed in this specific area.
If a question arises concerning the proper procedure to follow for an activity
in this area, these SOPs should be consulted to resolve the question. Also,
these SOPs are a valuable source of material for training purposes.

After the manager of this area believes the person responsible for these
tasks has mastered these SOPs, both the manager and the employee should sign and
date this form, assuring that these SOPs are understood and will be followed in
the daily operations of CompuChem Laboratories. Please forward a copy of this
revised or created SOP and a completed form to Quality Assurance.

Employee's name: Date:

Employee's title:

Employee's name: Date:

Employee's title:

-VManager's name: Date:

Manager's title:
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INSTRUMENT PROCEDURE: Reswell Lower Detection Limit Water
Instrument Code 410

Principle, Scopg, Application:

This method, which follows USEPA CLP Statement of Work 2/88, 1is applicable for
the analysis of samples requiring Reswell EPA Region V Tower detection limit
method for volatile organic compounds by the purge and trap method using a
Finnegan OWA GC/MS, column DB624 (30 m.). All standards, blanks, samples and
other required runs must be injected within twelve (12) hours of the time the
valid BFB analysis was started. All injections must be recorded in the instru-
ment log including the date, time (using a military time), volume injected,
operator I and any comments relevant to the injection. At the end of the tune
unused run lines must be Xed out by the operator and the log page signed and
dated by the operator. One copy of the log page should be placed in the log
book and the other attached to the standard package for that tune.

Parameters

Refer to Attachment #1 for a list of target analytes, CAS #s, and quantitation
limits.

ORDER OF ANALYSIS:

BFB ---> Initial Cafibration -==> BFB ---> Continuing Calibration --->
Instrument Blank ---> Samples
1. BFB.

A1l criteria must be met according to the requirements established by
the EPA. GC/MS Tuning and Mass Calibration forms must be printed by
the instrument. A1l relative abundance calculations are displayed
according to the requirements of the 02/88 Organic Statement of Work
with current revisions.

BFB KEY IONS AND ABUNDANCE CRITERIA

Mass Ion Abundance Criteria
50 15.0 - 40.0 percent of base peak
75 30.0 - 60.0 percent of base peak
95 base peak (100 percent relative abundance)
96 5.0 - 9.0 of base peak
173 €< 2.0 percent of mass 174
174 greater than 50 percent of the base peak
175 5.0 - 9.0 percent of mass 174
176 > 95.0 percent and < 101.00 of mass 174

77 . 5.0 - 9.0 percent of mass 176

,iA-Valid tune is defined as encompasﬁing all injections made within
“twelve hours from the injection time of a valid BFB analysis.
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2. Continuing Calibration

If the instrument has an acceptable current Initial Calibration
Standard for analysis code 410 and the calibration check standard
meets all requirements then samples may be analyzed and quantitated
against the calibration check standard.

3. Initial Calibration.

If there is no current Initial Calibration for analysis code 410 or if
the calibration check standard fails to meet all SPCC and CCC require-
ments then a new 5 point calibration must be created. The 5 point
calibration must meet all criteria established by the US EPA. Prior
to the analysis of samples against the new Initial Calibration a con-
tinuing calibration check standard must be analyzed and all continuing
calibration and system performance criteria must be met.

-

4. Instrument Blank. .

A valid instrument blank must be obtainec prior to the analysis of any
sample. For a definition of a valid instrument blank see the section
on instrument blanks.

5. Samples

A1l samples must be injected under a valid BFB tune. Samples should
normally be analyzed according to batch and due date. Sample spikes,
blank spikes and any required QC will be treated as samples. For
further information see the section on sample analysis and work-up.
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FIVE POINT CALIBRATION

Frequency:

A five-point calibration must be performed if:

1. There is no current calibration available for the instrument or,

2. The continuing calibration standard fails to meet either 1) one or
more of the Calibration Check Compound criteria or the 2) one or
more System Performance Check Compound criteria as established by
the US EPA.

Nominal Concentration Values:

The nominal concentration values and standard ID's for the five-point
calibration are as follows.

STANDARD ID CONCENTRATION -(ug/1)

1896 5.0
1897 10.0
1898 20.0
1899 40.0
1900 60.0

STANDARDS PREPARATION:

Standards are prepared for any given level by spiking the appropriate
volume of each standard solution into a 10 ml gas tight syringe con-
taining 10 ml of sparged, distilled/deionized water. Another 10 ml
syringe is filled with sparged distilled/deionized water at the time
of standard preparation to be added to the purge vessel to bring the
standard volume to 20 ml. A1l analytical standards are stored in
mininert vials with a minimum of headspace in a four (4) degree C
refrigerator used solely for the storage of analytical standards.

5.0 ug/1 10.0 ug/1 20.0 ug/1 40.0 ug/1 60.0 ug/1

STANDARD ID # 1896 1897 1898 1899 1900
(ul) (ul) (ul) (ul) (ul)

(IS) 036 (20 ug/1) 8.0 8.0 8.0 8.0 8.0
(Surr)394 (20 ug/1) 8.0 8.0 8.0 8.0 8.0
1301 1.0 2.0 4.0 8.0 12.0

1307 1.0 2.0 4.0 8.0 - 12.0

1322 1.0 2.0 4.0 8.0 12.0

1303 0.5 1.0 1.5 2.0 2.5

Standard vial 1303 contains acrolein and acrylonitrile. Due to the
water soluble .nature of these compounds the concentration.levels in
the standard are, 25 50 75 100 and 125 ug/l respectively.
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Standard Analysis: L

Immediately after the standards are prepared they are injected viaTthe
Teflon stopcock on the liquid sampling device (either a Tekmar LSC xxx
or an 0l xxx). The syringe containing the standards is injected first
and then the syringe containing the 10 ml of water injected to give a
final purge volume of 20 ml. The standard is purged eleven (11) minu-
tes. Using the acquisition procedure AC the QWA prompts the operator:
for the sample description, the instrument number, the operator id
number and any sample comments. The sample CompuChem number, EPA (or
client) case number, EPA (or client) sample ID number and instrument
number are entered into the sample description field. The other
fields are filled out as required. After the sample purge is
completed and the GC is ready the sampling device is set to desorb,
automatically starting the GC/MS acquisition.

Quantitation: -

Standards are quantitated using the OWA procedure RK invoking option
2. The proper syntax is:

RK <filename>#2,1inkername

where linkername is WLDL. All required analytes (see attachment I)
for this analysis must be found in each standard level. In the event
that (a) compound(s) is (are) not detected by the RK procedure (due to
a change in retention time(s) the quantitation list must be manually
corrected and the corrected quantitation reprinted including the F2
(response factor) table. After creating a correct quantitation
report, an updated ll-table must be created in order to properly guan-
titate any further standards, blanks or samples on that tune.

Generating the Initial Calibration:

After all five standards are acquired and processed the Initial
Calibration is generated using the EPAMP procedure. The syntax for
EPAMP is:

EPAMP linkername

where the linkername is WMDL. The program will prompt for the low,
medium low, medium, medium high and high standard file names and
generate a report listing all response factors, average response fac-
tors and percent relative standard deviation for each compound in
tabular form. The operator is required to examine this report taking
special care to note any compound with an excessively high percent

RSD. If any corrections are made to any standard the EPAMP procedure
must be repeated. All compoun@s.labe1ed as CCC or SPCC must pass with .



Section No. 4.1.24
Revision No. 1

Date: November 1, 1989
Page 5 of 10

the exception that the SPCC criteria for 1,1,2,2- tetrachloroethane and bromo-
form are waived for this analysis. If the criteria for SPCC and CCC compounds
are not met, the individual standards will be reanalyzed or the inStrument will
be re-evaluated and repaired. The tune will then be performed again. All
Initial Calibrations must be reviewed and approved by a Senior GC/MS operator or
a Data Review Specialist.

Definition of a Valid Initial Calibration:

1. One valid injection for each of five standard concentrations.

2. A1l standards acquired under a single valid tune.

3. All compounds present in all five (5) standards.

4. A1l CCC criteria met.

5. A1l SPCC criteria met.

6. Initial Calibration reviewed and signed by a Senior Operator or
Data review Specialist.

-

SPCC Criteria: : .

The follo&ing compounds must have an average response factor greater
than 0.300 in the Initial Calibration.

Chloromethane
1,1-Dichloroethane
Chlorobenzene

CCC Criteria:

The following compounds must have a percent relative standard
deviation (%RSD) of less than or equal to 30 in the Initial Calibration.

Vinyl Chloride
1,1-Dichloroethene
Chloroform
1,2-Dichloropropane
Toluene
Ethylbenzene

Contents of the Initial Calibration Package:

A complete Initial Calibration package must contain all the following:

1. BFB tuning and mass calibration forms

2. A quantitation report for each standard

3. A labeled RIC for each standard

4. The Initial Calibration form generated by the EPAMP procedure
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Continuing Calibration Standard

Fregquency:

A Continuing Calibration Standard should be run immediately after the
BFB analysis defining the start of a valid tune. A valid Continuing
Calibration Standard must be obtained prior to the analysis of samples.

Nominal Concentration:

20 ug/1
No substitution of standard level is allowed.

Continuing Calibration Standard Preparation and analysis:

The calibration check standard is prepared exactly as the 20 ug/!
Initial Calibration standard. See above for details. .

-,

Continuing Calibration Standard Requiréments:

The Continuing Calibration Standard must meet prescribed requirements for SPCC
and CCC compounds. If the SPCC and CCC criteria are not met, the standard will
be reanalyzed or the instrument re-evaluated and repaired. The tune will then
be performed again. The procedure EPAUP prints a report clearly noting whether
all SPCC and CCC criteria are passed as well as updating the response factors in
the libraries and the retention times in the ll-table for sample analysis. For
this analysis (code 410) the SPCC criteria for bromoform and 1,1,2,2 tetrach-
loroethane are waived. All SPCC compounds must have a response factor greater
than 0.300 and the response factor for all CCC compounds must be within 25 per-
cent of the average response factor in the Initial Calibration.

See above for a list of all SPCC and CCC compounds.

Contents of the Standard Package:

The complete standard package must contain the following:

1. BFB tuning and mass calibration forms.

2. A quantitation report form for the Continuing Calibration Standard.
3. A labeled RIC for the Continuing Calibration Standard.

4. A quantitation report for a valid blank.

5. The Continuing Calibration Standard form produced by EPAUP.

6. A labeled RIC for the instrument blank.

7. A compound list for the instrument blank which provides surrogate information.

8. Internal standard area monitor for the blank.
9. Spectra for any hits in the blank.
10. NBS library searches for any extraneous peaks in the blank.
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Instrument Blank

Frequency: .

A valid instrument blank must be obtained after a valid tune is
established with both BFB and a valid shift standard and prior to the
analysis of samples.

Instrument Blank Preparation:

An instrument blank is prepared by adding 8 ul of internal standard
(ID#036) and 8 ul of surrogate standard (ID#392) to a 10 ml gas tight
syringe containing 10 ml of sparged distilled deionized water. A
second 10 m1 syringe containing water from the same source is prepared
concurrently. The syringe containing the internal standards and
surrogates is injected through the Teflon stopcock into the purge
vessel on the liquid sampling device. The syringe containing plain
water is injected immediately after the syringe containing the inter-
nal standards and surrogates. The blank is treated for all purposes
as a sample after this point. (See sample section for quantitation
and work-up procedures).

Definition of a valid instrument blank:

A valid instrument blank must be obtained prior to the analysis of any
samples. All compounds except for the common laboratory contaminants
(defined in the Statement of Work as methylene chloride, acetone,
toluene and 2-butanone) must not be present at concentrations above
the method detection limit. Contractually, common laboratory con-
taminates may be present at up to 5 times the method detection limit.
CompuChem has found that under normal circumstances toluene and
2-butanone should not be present above the method detection limit. In
addition the CompuChem requirements for methylene chloride and acetone
are as follows: If the first blank contains methylene chloride and
acetone at greater than the detection limit run a second instrument
blank. If the second blank contains methylene chloride and acetone at
up to two (2) times the method detection limit and agrees closely with
the first blank samples may be analyzed. Under unusual conditions the
supervisor or their designee may allow concentrations of the common
laboratory contaminates in the blank up to contractually allowed
limits.
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Sample Preparation

—

Sample Preparation:

Samples are provided to the laboratory in 40 ml vials with screw cap
Teflon lines septa. Samples are prepared by gently pouring ten (10)
mls of the sample into two separate 10 ml gas tight syringes from the
40 ml screw top vial. Internal standards (standard ID# 036) and
surrogates (standard ID#394) are added to one of the ten (10) ml
syringes. Matrix spikes are prepared as regqular samples and ten (10)
ul of the matrix spike standard (standard ID# 1001) are added. As
defined in the statement of work the matrix spike contains
1,1-Dichloroethene, Trichloroethene, Benzene, Toluene and Chlorobenzene.

Sample Analysis:

Immediately after the sample is prepared, it is injected via a teflon
stopcock into the purge vessel on the liquid sampling device and

purged for eleven (11) minutes. During the purge time an.acquisition

is set up on the OWA using the procedure AC. The AC procedure prompts
the user for sample, instrument number, operator number, and any rele-
vant comments about the sample. At the Sample: prompt the operator
enters the samples CompuChem number, the EPA case number, the EPA

sample ID number, the instrument ID number and in the case of a sample
spike the original CompuChem number. At the end of the purge time the
liquid sampler is set to desorb and the acquisition is started on the OWA.

Quantitation:

The sample is quantitated using the automatic quantitation routine RK
with the quantitation option two (2). This procedure produces a quan-
titation report with any found analyte values calculated against the
response factor in the user libraries that was determined from the
continuing calibration standard. This procedure also generates an RIC
with the peaks corresponding to the internal standards and surrogates
labeled with IS#x and S#x where x is the internal standard or surro-
gate number.

Generation of the Compound List:

The compound list is generated by the procedure CLISTE. The CLISTE
procedure prompts the user for the sample analysis code and the volume
of sample purged and produces a report containing reportable values
for any analytes present, detection limits, surrogate recoveries and
reports if the surrogate recoveries are in the appropriate range.

This procedure also generates scan and library lists for any analytes
present.
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Generation of Spectra: -

The statement of work for this analysis requires that both raw and™
background subtracted (enhanced) spectra and a comparison of the
enhanced spectrum with an authentic instrument generated library
spectrum be generated for each analyte found by the quantitation
report. The procedure QLLGV does this automatically. The procedure
should be executed immediately after the completion of the CLISTE pro-
cedure.

Library Searches:

The statement of Work for this analysis requires that all unidentified
peaks in the RIC that are greater than ten (10) percent of the nearest
internal standard (up to a maximum of ten (10)) be searched against the
NBS library. This task is accomplished using the procedure UNKIDL.
This procedure prompts the user for the EPA sample ID number, the EPA
sample case number, the first scan of interest, and a sample correc-
tion factor. The procedure determines the peck(s) to be searched,
generates the proper searches, calculates an estimated concentration
for each peak, and prints a report containing the search results and
estimated concentrations.

It is the responsibility of the operator to evaluate the library
searches to determine if any target analytes were found but were not
present in the quantitation report.
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(ALL UNITS ARE MICROGRAMS/LITER)

ANALYTE

Benezene
Bromodichloromethane
Bromoform
Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane

Chloroform
Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethene
1,1-Dichloroethene
Total -1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethyl Benzene

Methylene Chloride (*)
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene (*)
1,1,1-Tetrachloroethane
1,1,2-Tetrachloroethane
Trichloroethene

Vinyl Chloride

Acrolein

Acetone (*)
Acrylonitrile

Carbon Disulfide
2-Butanone (*)

Vinyl Acetate
4-Methyl-2-Pentanone
2-Hexanone

Styrene

m-Xylene **

o0-Xylene **

p-Xylene **

*  Common Laboratory Solvent
Blank Limit is 5x Method Detection L1m1t
** the m-Xylene, o-Xylene and p-Xylene

CAS #

71-43-2
75-27-4
75-25-2
74-83-9
56-23-5
108-30-7
75-00-3

67-66-3
74-87-3
123-48-1
75-34-3
107-06-2
75-35-4

78-87-5
10061-01-5
10061-02-6

100-41-4
75-09-2
79-34-5

127-18-4

108-88-3
71-55-6
79-00-5

70-01-6

75-01-4

107-02-8
67-64-1

107-13-1
75-15-0
78-93-3

108-05-4
108-10-1

QUANTITATION LIMIT
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Documentation Form For:

Revising or Creating Standard Operating Procedures (SOPs): Including Designated
Personnel Responsibpilities -

Revised Procedure Vv~ New Procedure v  Procedure Attached

Thstru bdure GO EPA LDL Water Vohhle  10-]-5F
rocedure Are tle, and Number tftfective Date
. Wi
By 4 T obate |
. : aé/zZ£z
erstood, and Approved By ate

/23 /3j

Procedure Read, Understood, and Approved By “Date
Quality Assurance Representative

This procedure(s) meets the requirements as set forth in the following
References for Approved Methods:

USEPA. Sbw¥!ﬁ£,£45oﬂtﬁ!3p /%f,;,=n+_53=45n=u=‘£_49£_44¢f1=
W@Mﬁ&&h&mﬁébm

2/33 -Cej,‘@ S SAS

These procedures describe how tasks are performed in this specific area.
If 2 question arises concerning the proper procedure to follow for an activity
in this area, these SOPs should be consulted to resolve the question. Also,
these SOPs are a valuable source of material for training purposes.

After the manager of this area believes the person responsible for these
tasks has mastered these SOPs, both the manager and the employee should sign and
date this form, assuring that these SOPs are understood and will be followed in
the daily operations of CompuChem Laboratories. Please forward a copy of this
revised or created SOP and a completed form to Quality Assurance.

Employee’s name: Date:

Employee's title:

Employee's name: Date:

Employee's title:

Manager's name: , '-7:"-~bété::

Manager's title:
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1.0

2.0
2.1

2.2

2.3

2.4

3.1

4.0

4.1

4.2

Limit (LOL)

Summary of Method

A measured volume of water, approximately one liter, is solvent extracted
with methylene chloride at a pH of greater than 11 and again at a pH of
less than 2, using a separatory funnel or a continous extractor. The
separate extracts are dried and concentrated to 0.5 ml,

Reagents Used

§0% Sodium Hydroxide - Only the extracted salutions may be used.

50% Sulfuric Acid - Only the extracted solutions may be used.
Methylene Chloride - A 60 m] tipet dispenser filled with pesticide grade
methylene chlaride is located at the low level liquid SV station. When

refilling the tipet, do not lay the dis-enser top on the counter, doing so
may contaminate the tipet and subsequent samples.

Sodium Sulfate - Use only sodium sulfate Tabeled "FURNACED SODIUM SULFATE".

Surrogate and Spikes

Surrogate #393 add 100 ul to each sample and sample spikes.
B/N spike #2021 add 100 ul to each sample spike and blank spike.
Acid spike #3012 add 100 ul to each sample spike and blank spike.

Preparation of Equipment

Cover all work area with plastic-backed, absorbent table covering, with
the plastic side down.

Assemble the following for each sample to be processed:

a. One 2-liter separatory funnel with a ground-glass stopper and stopcock.
b. Two 250 ml Erlenmeyer flasks.

¢. Two drying columns.
d. Two K-D apparatus (consists of a concentrator tube and a K-D flask).

Only one is needed immediately. The second can be prepared after
cample processing has been started.

(-89) Semi-Volatile Water Lower Detection



4.3

T4

4.5

5.0
5'1

5.3
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e. One glass stirring rod (can be used for all samples).
f. Twe 3-ball Snyder columns.

Rinse each of the items listad abave (except the drying column) with methy-
lene chloride (use the Teflon squeeze bottles). Empty the methylene
chloride into a waste container, This practice is intended to prevent
sample contamination. Please adhere to this practice. If the glassware
selected for use is wet, {t must be rinsed with acetone prior to the methy-
lene chloride rinses. Several additional methylene chloride rinses should
be performed to remove all possible contaminants contained in the acetone. .

Add a small plug of glass wool to each drying column, then add 1-2 inches of

. preparad sodium sulfate to each drying column. Rinse the sodium sulfate

with approximataly 20 mi of methylene chloride for each rinse. Allow the
methylene chloride to drain through the celumn into a waste container.

Place the 2-liter, separatory funnel in the rings located on one side of
the rack, and place the Erlenmeyer flask on the counter top under each fun-
nel. Place the drying column and K-D apparatus in the clamp an the other
side of the rack, such that the tip of each prepared drying column {s
inside the neck of a K-D fiask.

Qther Materials Needed

Boiling Chips (Carborundum chips that have been soxhlet extracted with

~ methylene chlaride)

Rubber Bands

Nitrogen evaporation device

. One l-liter bottle

pH paper
Glass wool

Micropippet (100 ul capacity)
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Two 2 ml vials with Teflon-lineé screw caps

Sample Preparation and Extraction

Use l-liter of raw sample. Place it on the counter in front of the asso-
ciated separatory funnels. Mark the level of the liquid on the bottle if
the volume is less than a liter of sample, as this will allow measurement
of the {nitial volume later. If any samples are contained in gallon or
half-gallon bottles, prepare a liter bottle or liter graduated cylinder for
measuring by rinsing with methylene chloride. Fill a l{ter bottle with
sample from the gallon or half-gallon bottie. Pour the sample into the
associated separatory funnels. Save the sample bottles and return to
sample custodian,

Using a micropipet, add 100 ul of surrogate standar~d #393 to each sample.
[t is important to add exactly 100 ul to the entire liter of sample,
including the sample spikes. Surrogate recoveries are used to judge the
efficiency of the extraction. Record the surrogate ID number, lot number,
and volume added, on the Extractions' Worksheet.

Add 100 ul each of acid spike #3012 and base-neutral spike #2021 to any
sample spikes or blank spikes included in the batch. Record the standard
I0 numbers, lot numbers, and volume added, on the Extractions' Worksheet.

Measure the initial pH, using wide-rang2 pH paper.

Add 5 mi of 50% sodium hydroxide. Stopper the separatory funnel and shake
for 20-30 seconds, venting the stopccck several times. Check the pH., If
the value s 11 or greater, ncte the pH on the extraction worksheet. If
the pH is not 11 or greater, continue to add 1 m] at a time of base, and
shake until the pH has reached a value of 1l or greater. The sampie is now
ready for the base-neutral extraction. '

Add 60 ml methylene chloride to each raw sample bottle or sample container.
Rotate the containers to rinse all surfaces with the solvent and pour the
methylene chloride into the appropriate 2-liter separatory funnel. Stopper
each funnel and shake vigorously for 2 minutes. Be careful to vent the
stopcock frequently, until the pressure equalizes.

Allow each separatory funnel to hang undisturbed for approximately 10 minu-
tes, to allow the layers to separate. If an emulsion larger than two
thirds the size of the bottom layer (methylene chloride) forms, steps must
be taken to break it up. Emulsions may be broken by stirring, passing
through the stopcock very slowly, or centrifugation. The method used is
determined by the severity of the emulsion.
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When two distinct layers are obtained, drain the lower layer (methylene
chlgride) into the Erlenmeyer flask. Close the stopcock when the water
layer reaches the stopccck. The object is to ccllect all the methylene
chloride and none of the water.

Repeat Steps 6 thru 8 two more times, adding the methylene chloride
directly to tne separatory funnel,

Upon completion of the third extraction, pour the total extract through the
drying column into the K-D apparatus. Rinse the Erlenmeyer flask with a
small amount of methylene chloride and add the rinse to the drying column..
Rinse the drying column with approximately 20 ml of methylene chloride and
collect the rinsa in the K-D apparatus.

NOTE: [f recovery of the methylene chloride phase is less than 80%, see
Sample Problem Techniques. (SPL #1.9.) .

Remove the K-0 apparatus containing the base-neutral extract. Replace it
with the X-D set prepared for the acid extract and a new drying column con-
taining sodium sulfate. The base-neutral extract is now ready for con-
centration., (See Extract Concentration Section F, below.)

Slowly add 10 m1 of 50% sulfuric acid to each separatory funnel. Stopper
the separatory funnel and shake 20-30 seconds, venting the stopcock several
times. Check the pH. If the value is now 2 or less, note the pH on the
Extractions' Worksheet. 1If the pH is not 2, continue to add 10 ml volumes
of acid. Shake and measure the pH until a value of 2 or less is reached.

Once a pH of 2 or less has been reached, the sample is ready for the acid
extraction. Perform Steps 6 thru 10, then Step 1ll.

Fi1l all sample bottles to mark with tap water. Use a 1000 ml graduated
cylinder to measure the volume, and record the initial volume on the
Extractions' Worksheet, .

Extract Concentration

Add 1 or more boiling chips to each K-D flask and attach a Snyder column.
Rdd 1-2 ml methylene chloride to the top of the Snyder column,

Place the K-D apparatus on a water bath set at 85°C or warmer to allow for
2 10-15 minute concentration process.
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Each K-0 flask is removed from the bath as scon as an apparent volume of 4
m! is reached. Remove from bath and allow to drain. Remove the snyder
column and K-C flask from the concentrator tube, rinsing the tip of the K-0
flask with a minimal amount of methylene chloride and remember to label the
concentrator tubes with the proper label,

Nitrogen blowdown technique - Place the concentrator tube in a warm water
bath (35°C) and evaporate the solvent volume to 0.5 ml using a gentle *
stream of clean, dry nitrogen (filtered through a column of activated .
carbon). The internal wall of the tube must be rinsed down several times
with hexane during the operation and the final volume brought to 0.5 ml.
During evaporation the extract must never be allowed to become dry.

Final concentration volume should be 0.5 mi.

NOTE: If sample cannot be concentrated down to 0.5 ml, see section on
final volume.

Transfer the entire extract volume to a clear, 2 ml autosampler vial,

Label the vial appropriately to indicate fraction type (blue to indicate

base-neutral fraction and yellow to indicate acid fraction), prep code,

CompuChem number, and completion date. At the time of transfer, note the

final volume on the Extractions' Worksheet.

Complete paperwork and mark volume on vials and forward both to the person

responsible for checking in paperwork.

Place paperwork and extracts in turn-in box.

Cleanup

Remove all of the water from each separatory funnel and place it in a

labeled water-waste container,

Pour all waste solvent into the appropriate container.

Roll up all absorbent counter covers and place them in the trash can.

Return any remaining sample and empty sample bottles to the sample cart.
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GC/MS Extractables; Liquid/LOL - (Res. Well)

Instrument Procedure 417

ANALYTICAL COLUMN
D8-5 30 m X 0.32 mm, 1 um df

GAS CHROMATOGRAPHIC CONDITIONS

Splitness
Carrier Gas: Helium GC Mode: Capillary
Inj. Port Temp: 250 CC Flow Rate: 20-30 cm/sec
Initial Temp: 35°C Interface Temp: 295°C
Initial Time: 2 min. Final Tamp: 310°C
Split Flow: 30 ml/min Split/Sweep Final Hold: 45 min.
Sweep Flow: & ml/min.
Actuation Time: 60 sec.
INTERFACE
Type: Direct Insertion
Interface Temp:. 2959C
Solvent Diverter Time: N/A
"~ MASS SPECTROMETER CONDITIONS
Manifold Temp: 809C First Mass: 41
Filament/Multiplier Actuation Time: 120 sec. Final Mass: 475
Scan Speed: 0.96

TUNING AND CALIBRATION

Tuning Compound: PFTBA

DFTPP
7050

A Calipration Compound:

...c . Standard ldentification: #:

R Calibration Criteria:
Calibration Frequency:

" ANALYTICAL STANDARD

ldentification #:

Dl

S Tuning Sensitivity: <300,000 area counts
dl0-phenathrene

Attached Form VII
Every twelve (12) hours

. : 2393, 2394, 2395, 2396, 2357
- -Frequency of Analysis: Every twelve (12) hours
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Label: Prep Ccde, Date Blue

Yeliow,

A

" *NJECTION PROCEDURE

-

Prep Code, Date

Surrcgate ID#: 393
vial Size: 2.0 ml
Storage: 49C

4 inch needle Hamilton 10 ul syringe. 1.0 ul + 0.5 ul methylene chloride

wash. "“Cold Needle.

. CHROMATOGRAPHIC MAINTENANCE

" Benzidine response factor of

Cy e pran

'ﬁ’i‘f”f

£ MISCELLANEOUS

<Quant1f1cation Method:

" Quantification Method Name:
Workshest:

Compound List:

Library Names:

File Naming Conventions:

ZANALYSIS TYPE -

1A~*_¥Ana1ysi§'Tyoe Prefixes

- A2 SLe e T e e i P

P Init1a1 Sample Injection:
i+ ... .Sample Reinjection:
%77 sample Reextraction:

Sample Dilut1on'

.05 or greater.

PCP response factor of 05. or greater.

Library Entry

SEMIL

Semiworkl, Semiwork2, Semiwork3d
4391

R1-R7

%X123456x78 Instrument #

Shift

. Calibration File: :oH
JEmE . Standard:  HG
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Sample Preparation Procedure 3.2.2.14: (- 090) Lower Detection Limit (LDL)

1.0

2.0
2.1

2.2

3.0
3.1

Protocols for Water; Samplé
Preparation for Pesticides/PCBs

Summary of Method

A measured volume of sample, approximately one liter, is solvent extracted
with methylene chloride using a separatory funnel or a continuous extractor
The methylene chloride extract is dried, exchanged to hexane, and adjusted
to a final volume of 5.0 ml. Optional cleanup techniques are included.

Inteferences

Method interferences may be caused by contaminants in solvents, reagents,
glassware, and other sample processing hardware that lead to discrete
artifacts and/or elevated baselines in gas chromatograms. All of these
materials must be routinely demonstrated to be free from interferences
under the conditions of the analysis by running laboratory reagent blanks.
Interferences by phthalate esters can pose a major problem in pesticide
analysis when using the electron capture detector. These compounds
generally appear in the chromatogram as broad eluting peaks. Common
flexible plastics contain varying amounts of phthalates. These phthalates
are easily extracted or leached from such materials during laboratory
operations. Cross-contamination of clean glassware routinely occurs when
plastics are handled. Interferences from phthalates can best be minimized
by avoiding the use of plastics in the laboratory. Exhaustive cleanup of
reagents and glassware may be required to eliminate backgroundephthalate
contamination.

Matrix interferences may be caused by contaminants that are coextracted from
the sample. The extent of matrix interferences will vary considerably from
source to source, depending upon the nature and diversity of the site being
sampled. The alumina column cleanup procedures must be used to overcome
such interferences to attempt to achieve the MDLs.

Apparatus and Materials

Glassware

3.1.1 Separatory funnel - 2000 ml1 with Teflon stopcock.

3.1.2 Drying column - Chromatographic column approximately 400 mm long x 19
mm ID, with coarse frit. (Substitution of a small pad of disposable

Pyrex glass wool for the frit will help prevent cross-contamination of
sample extracts.)
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3.1.3 Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kortes
K-570050-1025 or equivalent). Ground glass stopper may bBe used to
prevent evaporation of extracts.

3.1.4 Evaporative flask - Kuderna-Danish, S00 ml (Kontes K-5700010500 or
equivalent). Attach to concentrator tube with springs or rubber
bands.

3.1.5 Snyder column - Kuderna-Danish, Three-ball macro (Kontes
K-503000-0121 or equivalent).

3.1.6 Continuous liquid-liquid extractors -~ Equipped with Teflon or glass
connecting joints and stopcocks requiring no lubrication.
(Hershberg-Wolf Extractor-Ace Glass Company, Vineland, NJ P/N
6841-10 or equivalent). .

3.1.7 Vials-Amber glass 1 to 2 ml capacity, with Tel%on-lined screw cap.

3.1.8 Chrocatographic column for alumina - 8 m1 (200 mm x 8 mm ID)
Polypropylene column (Kontes K-420160 or equivalent) or 6 ml (150 mm
x 8 mm ID) glass column (Kontes K-420155 or equivalent), or 5 ml
serological pipets plugged with a small piece of Pyrex glass wool in
the tip. The Kontes columns may be plugged with Pyrex glass wool or
a polyethylene porous disk (Kontes K-420162).

3.2 Pyrex glass wool - pre-rinse glass wool with appropriate solvents to ensure
its cleanliness.

3.3 Silicon carbide boiling chips - Approximately 10/40 mesh. Heat to 400°C
for 30 minutes or Soxhlet extract with methylene chloride.

3.4 Water bath - Heated with concentric ring cover, capable of temperature
control (+ 2°C). The bath should be used in a hood.

3.5 Nitrogen evaporation device equipped with a water bath that can be
maintained at 35-40°C. The N-Evap by Organomation Associates, Inc. South
Berlin, MA (or equivalent) is suitable.

4.0 Reagents

4.1 Reagent water - Reagent water is defined as a water in which an interferent
is not observed at the MDL of each parameter of interest. Reagent water
should be pre-extracted with methylene chloride. Using a 6 liter flask add
60 m1 methylene chloride to deionized water and place a stir bar into flask
and place on stirrer. Allow defonized water to extract for approximately
20 minutes. : '
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Acetone, hexane, methylene chloride - Pesticide quality or ehi%valent.

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 400°C for
4 hours in a shallow tray.

Alumina - Neutral, Super I Woelm or equivalent. Prepare activity III by
adding 7% (v/w) reagent water to the Super I neutral alumina. Tunble or
shake in a wrist action shaker for a minimum of 2 hours or preferubly
overnight. There should be no lumps present. Store in a tightly sealed
glass container.

Sodium hydroxide solution (10N)-(ACS). Dissolve 40g NaOH in reagent water
and dilute to 100 ml.

Sulfuric acid solution (1+1)-(ACS). Slowly, add 50 ml H2S04 (sp. gr. 1.84)
to 50 m1 of reagent water. .

Pesticide/PCB surrogate standard spiking solution. Solution #395

4.7.1 The compound specified is dibutyl chlorendate. The solution is at a
concentration of 1 ug/1.0 ml in methanol.

Pesticide/PCB Matrix Standard Spiking Solution.

4.8.1 The spiking solution in methanol contains the following pesticides
in the concentrations specified.

Pesticide ug/1.0 ml
lindane 2.0
heptachlor 2.0
aldrin 2.0
dieldrin 5.0
endrin 5.0
4,4°'00T 5.0

Sample Extraction - Separatory Funnel.

Using a l-liter graduated cylinder, measure out a 1-liter sample aliquot
and place it into a 2-liter separatory funnel. Pipette 0.5 mL #395
surrogate standard spiking solution into the separatory funnel and mix
well, Check the pH of the sample with wide range pH paper and adjust to
between 5 and 9 pH with 10N sodium hydrox1de and/or 1:1 sulfuric acid
solution.
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Recovery of dibutylchlorendate will be low if pH is outsidé:fhis range.

For duplicate sample spikes follow 5.0 using one original sample. Add 50
ul of #4016 Pesticide Spiking Solution. Use 1000 ml sample volume for each
duplicate sample spike.

Add 60 m1 methylene chloride to the separatory funnel and extract the
sample by shaking the funnel for two minutes with periodic venting to
release excess pressure. Allow the organic layer to separate from the
water phase for a minimum of 10 minutes. If the emulsion interface
between layers is more than one-third the volume of the solvent layer,
the analyst must employ mechanical techniques to complete the phase
separation. The optimum technique depends upon the sample, and may
include: stirring, filtration of the emulsion through glass wool,
centrifugation, or other physical means. Orain methylene chloride into a
250 m1 Erlenmeyer flask. ‘

Add a second 60 ml volume methylene chloride to the sample bottle and
repeat the extraction procedure a s2cond time, combining the extracts in
the Erlenmeyer flask. Perform a third extraction in the same manner.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10 ml
concentrator tube to a 500 ml evaporative flask.

Pour the combined extract through a drying column containing about 10 cm of
anhydrous sodium sulfate, and collect the extract in the K-D concentrator.
Rinse the Erlenmeyer flask and column with 20 to 30 ml of methylene
chloride to complete the quantitative transfer.

Add one or two clean boiling chips to the evaporative flask and attach a

three-ball Snyder column. Pre-wet the Snyder column by adding about 1 ml

methylene chloride to the top. Place the K-D apparatus on a hot water bath
(80 to 90°C) so that the concentrator tube is partially immersed in the hot
water and the entire lower rounded surface of the flask is bathed with hot
vapor. Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 10 to 15 minutes.
At the proper rate of distillation, the balls of the column will actively
chatter but the chambers will not flood with condensed solvent. When the
apparent volume of liquid reaches 1 ml, remove the K-D apparatus. Allow
it to drain and cool for it least 10 minutes.

Momentarily remove the Snyder column, add 60 ml of hexane and a new boiling
chip and re-attach the Snyder column. Pre-wet the column by adding about 1
ml of hexane to the top. Concentrate the solvent extract as before. When
the apparent volume of liquid reaches 1 ml, remove the K-D apparatus and
allow it to drain and cool at least 10 minutes.

Remove the Snyder column, rinse the flask and its lower Jo1nt into the ’

- concentrator tube with 1 to 2 ml of hexane.
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Nitrogen blowdown technique - Place the concentrator tube in" a warm water
bath (35°C) and evaporate the solvent volume to 0.5 ml using ¥ gentle
stream of clean, dry nitrogen (filtered through a column of activated
carbon). The internal wall of the tube must be rinsed down several times
with hexane during the operation and the final volume brought to 0.5 ml.
During evaporation the extract must never be allowed to become dry.

Dilute the extract to 1 ml with acetone and proceed to the Alumina Column
Cleanup.

Alumina Column Cleanup

Add 3 gm of activity IIl neutral alumina to the 10 ml chromatographic
column. Tap the column to settle the alumina. Do not pre-wet the alumina.

Transfer the 1 ml of hexane/acetone extract to the top of the alumina using
a disposable Pasteur pipet. Collect the eluate in a.clean 10 ml
concentrator tube.

Add 1 m1 of hexane to the original extract concentrator tube to rinse it.
Transfer the rinsing to the alumina column. Elute the column with an
additional 9 ml of hexane. Do not allow the column to go dry during the
addition and elution of the sample.

Concentrate thé extract to a final volume of 5.0 ml using hexane. Transfer
extract to amber, crimp-cap vials and along with accurately completed paper
work, turn in to the GC lab for analysis.
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SAMPLES

Samples are provided to the laboratory in 48 ml vials with screw
cap teflon-lined septa. Samples are prepared by gently pouring 25
mls of the sample into gas tight syringes from the 4@ ml vial. To
this volume of the sample, are injected 5§ ul of Internal Standard
3235 ard £ u! of Surrogsts 8392, Efample spikes and blank spikes
2]s3 resuie the acoitiosn ¢t 10 ul of 21001 which contains
1,1-Dichloroethylene, Trichlorcethylene, Benzene, Toluene and
Chlorobenzene.

SAMPLE ANALYSIS:

Immediately after the sample 1s prepared, it is injected via the
teflon stopcock on the Tekmar into the purge vessel and purged for
twelve (12) minutes. The sample is analyzed using the AC program
in the form

AC filename 3 number of scans to acquire

Next enter the appropriate information for sample description,
including instrument 1D and the oparator ID (as prompted by the
program), When the information has been entered and the
instrument is ready, the Tekmar is switched to the desorb position
and the sampie will be introduced onto the head of the column.
The data acquisition will continue unsupervised until the
designated number of scans has been acquired.

QUANTITATION:

The sample is quéhtitated using the RK program with option 2. The
RK procedure allows individual compounds to be quantitated using
the calibration check standard for the particular analysis. The
RK procedure is initiated by typing the command in the form

RK filename 82, linker

using the linker appropriate for the type of analysis. If any
internal standards, surrogates or other compounds are not found
they can be found by using the UPQUAN program in the form

UPQUAN LIBRARY ID # LIBRARY ENTRY

for each compound not found. If any 1internal standard must be
UPQUANed then all compounds which reference that internal standard
must also be UPQUANed to insure that the amounts reported for
those compounds will be accurate. If any compounds are UPQAUNed
the gquantitation list must be sorted. This can be accomplished by
using the EQL program in the form '

EQL filename , filename

and deleting any duplicate entries as necessary. _When the
" guantitation list has been.edited. the quantitation list can be



sorted using the QSORT program in the form
QSORT filename , "linker

using the linker appropriate for the type of analysis. The
guantitation list can be reprinted using the MQ program in the
form

MQ filename 1F2:H;:E
which will print the compound list and the FZ table.
EENERATION OF THE COMPOUND LIST:

The compound list can be generated by using the CLISTE program in
the form

CLISTE filename , linker

with the appropriate linker for the type of analysis. The program
will prompt the operator to enter the appropriate compound list
number and the volume of the sample purged. .

GENERATION OF SPECTRA:

The dual spectra and comparative spectra of any compounds found
can be generated by simply typing QLLGV.

LIBRARY SEARCHES:

If there are any pesks in the RIC that do not correspond to
entries in the compound list and are greater than or equal to 10%
of the height of the closest internal standard, then a library
search must be performed. This {is accomplished by the UNKIDL
grogram in the form

UNKIDL filename , linker ,% number of searches

using the appropriate linker and number of searched required by
the analysis. The program will prompt the user for EPA number,
the first scan of interest, the last scan of interest, and the
correction factor (this can be found on the last page of the
compound list). Library searches must be evaluated to see if any
‘priority pollutants were found that are not present in the
quantitation report.

EVALUATION OF DATA:

For blanks, samples, sample spikes, and blank spikes all
surrogates must fall within the specified control limits. In
addition, all internal standards must pass the criteria of the
Internal Standard Area Monitor. Any samples that fail the above
criteria must be reprepared and reinjected. If multiple samples
© fail ‘these criterta the problem should be corrected before any
. further samples are analyzed. In addition, the quantitated values



for any compounds found in a diluted sample must fall within the
range from 20 - 40 ug/l, or be analyzed again at a smaller
dilution (or neat). Any sample with compounds outside this range
that has not been analyzed using 25 ml must be diluted accordingly
and reinjected.
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Instrument Procedure: Lower Detection Limit; Water; Pesticide/PCB
Analysis (Res Well) Imstrument Code No. 152

This analysis can be done on different packed or megabore capillary colums with
two different instrument conditions. The sample must be run on one of the
colum types, and if pesticides or P(CBs are indicated, confirmed on thHe other
type of colum.

Section 1. Instrument Conditions

Analytical Colum #1
3% 0V-101 On 1007120 mesh Supelcoport 6'x2mm ID or megabore capillary colum
equivalent

Gas Chromatographic Conditions :

Carrier Gas: ArgonMethan at 15 mls/min

Injection Port: Flash vaporizing at 220°C

Oven: Isothermal in the range 190-210°C. Adjusted so that retention time of
PP*DDT is in the range of 11.5 to 12.5 min.

Detector: ECD at 300°C .

»

Samp le Injection
T.0ul by autosampler

Analytical Colum #2 |
1.5% SP2250/1.95%5P2401 on 100/120 mesh Supelcoport 2m x 4mm ID or megabore
capillary colum equivalent

GAS Chromatographic Conditions

Carrier Gas: Argon/Methane at 60 mls/min

Injection Port: Flash vaporizing at 240°C : '

Oven: Isothermal in the range 210-230°C. Set so that retention time of PP'DDT
is after 12.0 min.

Detector: ECD at 300°C

Samp le Injection
5.0ul by autosampler

Section I1. Standards, Surrogates, Spikes and Detection Levels

Standards
ree point linearity standard set s run every 72 hours
2) A full set of standards containing all the pesticides and Aroclors is run
every 72 hours.
3) A co%uun evaluation or response check standard is run after every five
sanp les.
4) Both response check standards are run at the end of each sequence.

For every sequence, data is collected on the linearity of Aldrin, Endrin,
PP-DDT and dibutylchlorendate; the percent breakdown of Endrin and PP'DOT, and
the retention time shift of DBC throughout the run. This data is displayed on
- Form VIII and is calculated with the help of the computer program EPAEV. --This
~ program can be run by any properly trained analyst or technician, :° R
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The Pesticide/PCB library is generated for every sequence by the analysis of the
retention times and areas of the peaks in the full set of standards. This
analysis is done with the help of the computer program EPACX. In addition to
generating a library, EPACK also calculates the percent difference of each of
the check standards run during the course of the sequence. This program can be
run by any properly trained technician or analyst. -

Surrogates
Dibuty Ich lorendate

Recovery must be greater than 25% for acceptance

Spikes
TEE normal spiking solution contains the following compounds and must meet the
following recovery criteria:

Comound Level Recovery Range Water
Gamma BHC 0.01 ug/m 56 - 123
Heptach lor 0.01 ug/ml 40 - 131
Aldrin 0.01 ug/ml 40 - 120
Dieldrin 0.025 ug/ml 52 -, 126
Endrin 0.025 ug/ml 56 -.121
PP'DDT 0.025 ug/m) 38 - 127

Sample spike recoveries may not be available due to dilution of the sample due
to compounds in the matrix other than the spike (pesticide or non-pesticide).

If recoveries are available, they must meet the current recovery and duplicate
criteria. If sample spike recoveries are not available, blank spike data will
be used to demonstrate extraction and analytical control.

Standard Levels

The normal standards contzin the following pesticides and Aroclors at the
following levels. The detection level for water is based on a sample amount of
one 1iter and an extract amount of 5 mls. Any dilution or smaller sample amount
will raise the detection level.

Table 1. Standard amounts and normal detection levels.

Standard 4360 Level In Standards CRQL
Lomound 43073368 Water
Gamma BHC 0.01 ug/ml 0.005
Heptachlor 0.01 ug/l 0.005
Aldrin 0.01 ug/ml 0.005
Gamma Chlordane 0.01 ug/ml 0.05
Endosulfan I 0.01 ug/mi 0.01
Dieldrin 0.02 ug/ml 0.01
Endosuifan 11 0.04 ug/ml 0.01

PP'DOT 0.06 ug/ml 0.01
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Standard 4360 Level In Standards CRQL

Comoound 4360/4364 . Water

DBC(Surr) 0.10 '

PP-Methoxych lor 0.05 0.05 -

Alpha BHC 0.01 0.005 -

Beta BHC 0.02 0.005

Delta BHC 0.01 0.005

Hentachlor Epoaxide 0.07 0.005

Alpha Chlordane 0.02 0.05

PP-DDE 0.02 0.01

Endrin 0.04 0.01

PP-DDD 0.04 0.01

Endosulfan Sulfate 0.04 0.01

Endrin Ketones 0.10 0.07
Individual multi peak pesticides and Aroclor mixtures

Toxaphene 1.0 0.10

PCB 1221 1.0 0.05

PCB 1232 0.7 0.05

PCB 1016 0.3 0.05

PCB 1242 0.4 0.05

PCB 1248 0.4 0.05

PCB 1254 0.3 0.10

PCB 1260 0.3 0.10

Section I11. Compound I'dentif ication

A compound is identif ied as being in a sample if that compound is found on two
different types of colums. In order for a single conponent pesticide to be
found in a run, its retention time must be within the retention time window of
a pesticide of interest. The size of that window is either + 2% for packed or
+/- 1.5% for wide bore capillary or smller. A smller window my be set if
there are enough samples or standards run with detectable levels of DBC so that
a retention time shift can be observed throughout the sequence. Once a compound
js identif jed on one colum, the sample is run on the other colum.

Multi components pesticides and Aroclors are identif ied by pattern as well as
retention time. The identif ication and quantitation of these compounds is very
comp lex and many decisfons are based on the experience of the analyst, however
there are some tools and guidelines employed by the GC lab.

Guidelines

1) The sample should contain the three largest peaks in the aroclor and at least
two other minor peaks.

2) The RSD of the pattern match (see tools below) should be less than 33%.

3) The compound with the best pattern match should be chosen.
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4) 1f an identification is made even though one of the previous quidelines are
not met, the analyst should provide notes on why he thought the compound was
there. :

Tools
Pattern recognition is done with the help of a computer program which

compares the sample and the standards peak for peak, adds up the total number of
common peaks found and calculates the area ratios of the common peaks. It then
runs a standard deviation test on all the ratios, caiculates the mean value and
discards any peak ratfo outside of a + 2 standard deviation window from the
mean and recalculates the mean and standard deviation. This continues until no
ratios are discarded during a pass or there are no ratios left. The values are

"~ printed out for every pass and the relative size of the standard deviation to

-

the mean (RSD) is calculated. An example of the computer printout follows.

This data may not be used if there are multiple Aroclors in the sample with
common PCBs or the match is so good that the standard deviation s too sm11 and
valid data is discarded. 1n the first case, the analyst must proceed on his own
and in the second case, the analyst mey take calculated values from other than
the last pass. In most cases the change in the mean from first to 1last pass is
so sm11 it is insignificant. .

Section IV Compound Quantitation
1f a compound is identif fed, it is quantitated using the following formula

amunt = area of sample/area of std x conc of std x dilution x volume of extract
Volume of sanple

In case of mutti component compounds, area of sample/area of standard is

- replaced with the mean ratio of all peaks used.

Example: One liter of a water sample is extracted with a final extraction
volume of 10 mls. The extract is diluted 1:10 for analysis and Gamma BHC is
identif jed and quantitated on a 0V-101 colum using the 4360 standard. The area
of the sample peak was 437 and the area of the standard peak was 351. The
calculation would be set up as follows:

amount of Gamma BHC = 437/351 x 0.0lug/ml x 10 x 10mls = 1.24ug/1
1.0 Titers

The actual calculation 1s usually made with the help of program EPACA. This
program generates an Analysis Worksheet which shows all the data used in the
generation of the results. It also generates a copy of the form ID and form 8.

Section ¥ Quality Assurance/Quality Control

See QA/QC section for blank, spike and duplicate information.

In addition to the CompuChem QC samples, there are spectal GC lab QA
measures., Each sample must pass the following criteria:
1) Complete injection was made

a) good surrogate recovery if surrogate is available
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b) reasonable solvent peak if surrogate is.not available
2) No carryover contamination
a) No late eluting peaks from previous injection
b) No syringe contamination from previous injection ‘
3) No retention time shift -7
a) Surrogate must be within window i available
b) Surrogate in standard before and after sampie must be within w1ndow i
surrogate not in sample.
1f one or more of these criteria are not met, the sample is reanalyzed.
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QAPP Addendum
Phase II Remedial Investigation
American Chemical Services Site

Revision: Final
Date: 12/29/89

QUALITY CONTROL REQUIREMENTS FOR THE , /?
ANALYSIS OF TOTAL ORGANIC CARBON BY RMT @’7 rE,
g ~

FOR THE ACS SITE

Provided in this appendich standard operating procedure for the analysis of Total
Organic Carbon (TOC) on soil'and sediment samples from the ACS Site. The following
table lists frequency and performance standards for QC samples. If QC check samples do
not meet performance standards, the samples are to be reanalyzed. If a duplicate or spike
does not meet the specified limits, the sample will be reanalyzed immediately. If the re-
analysis still does not meet the specified limits, the affected data will be flagged. When the
concentration exceeds the calibration range, re-analysis of the prepared sampled at the

appropriate dilution is required.

— Parameter — Audit requency®
@ Total Organic Carbon
i D ! L[,,) Lab Blank 1 per 10 samples
VI Check Standard 1 per 10 samples

EPA QC Reference 1 per set
Standard

Lab Duplicate 1 per 10 samples

Matrix Spike 1 per 10 samples

*Frequencies apply to each matrix individually.

Limi

<Detection Limit (DL)
90-110% Recovery
80-120% Recovery
20RPD (;DL if

sample concentration

is <5xDL)

75-125% recovery
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Total Organic Carbon Analysis
t

APPLICATION: To analyze water and vastewater for nonpurgeable organic cacbou.

REFERENCE: EPA Method 41S.1, 1974
EPA SW846 Method 9060, September 1986
Standard methods 3505, 1985 :
Dohrmann DC=80 TOC systems manual, ed, 6, January 1984

+ nv s
_SAMPLE RANDLING & PRESERVATION: 13 ' 143 ﬂv

The esople ig preserved at the time of sampling byxncidifjin; to pH € 2
vith H,50,, The sample s refrigerated in & glass bottle, Hold time for

the preserved sample is 28 days. .

INTERFERENCES ¢ /E;>

The presence of chloride in high concentrations (> 0.10X) interferes with
the rate of oxidation. The tailing which results may fall outside of the
8 minute analysis window. The reagent csn be slightly modified by adding
mercurie chloride and mercuric nitrate, The chloride then complexes with
the mercury which in turn allows the carbon to oxidize at a normal

rate. The procedure can be found on page 7-1 of the systems manual,

Righly suspended golids can also give variable results. However, it is
fupecat{ve that the sample be sugpended evenly 1f total organic cardbon {s
being measured, Settling should not occur defore fnjection., Particles
may clog the autosampler tubing. Therefors, samples with suspended
matter must be manually injected,

APPARATUS

Dohrmann DC 80 Total Organic Carbon Analyzer
18 x 150 mm test tubes (to hold samples)
Syringes (1 m1, 100-250 ul, 50 ul)

REAGENTS: -
. e

(1) Reagent watert Deloniged water /
(2) Potessium Persulfate Solution, 21
Dissolve 20g potassium parsulfate in 1000 w1l d.1, water, add | ml

concentrated Nitric Acid, mix well. Stors in cool dark place.
Shelf life 1is one month.

20,96:LAB:LP~0]17 ' April 1988
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- (3) Potassium Persulfate - Mercuria Salt Solution:
Dissolve 8.2g HgCL and 9.6g Hg,NO3H20 in 400 ml d.i. water, 8dd 20g
Potassium Persulfate and 5 ml concentrated Nitrie
Acid, mix well, bring to 1 L with d.4i. water.,
STANDARDS: (ppm as Carbon) @
(1) 2000 ppm: 425 mg reagent grade Potassium Hydrogen Phthnlate. KHP, plus
0.1 ol concentrated HNOy in 100 ml d.i. water. &tore {n amber boc:lc.
. refrigerate. Shelf lifc is ons month.
{2) 400 ppm: Dilute 20.0 ml of 2000 ppm Standard to 100 al {n volumetrie
flask. Store i{n amber bottle, refrigerate. 6helf life is one week.
(3) 10 ppm: Dilute 1.0 ml of 2000 ppm Standard to 200 ml fa voluametric

flask. Store in amber bottla, refrigsrate. Shelf life is one week. °

CALIBRATION:

.{2) push |START

The instrument is calibrated from a one point standard. When |[CAL| lighe
is off, the instrument has no calibration in its memory.

To calibrate:

(1) inject standard

(3) when [READY| 14ght comes on, push [CAL|. [CAL| 1ight should now be
on, '

When [CAL| 1{ght 1s on, the {nstrument is slready storing a
calibration. 1In most cases an update of the existing calibration
is sufficient. PFollow the same calibration steps to update a
calibration (the [CAL| 1ight ehould remain on the entirs time),

In order to arass an existing calibration from mesory, simply hold
[CAL| fn for at lesst 1 second. The |CAL] light will go off.

Calidration with
RANGES 1 0.1 - 20 ppn  use 1000 ul injections 10 ppm KHP )
10 ~800 ppm use 200 ul {njections 400 ppm XHP
100- 4000 ppm  use 40 ul {njections 2000 ppm KHP

When selecting a range, make sure the aeiector knob on the front
panel {s {n the correct position.

PROCEDURE :

l.

Start up!

Three IPOHERI'l are turned on ~ right to left, MNOTE: ma{n power (toggle
switch) on the detector always remains on,
Gas supply {s turned up to 30 ps!l oxygen.

20,96 :LAB:LP-0!7 April 1988
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LABORATORIES

Pupp fingers are put {n place.

|PUMP| is turned on.

[LAMP| should be on. (The door must be closed for the UV light to coze
on)e.

When the baseline {s stadilized around 0,0100, the {nstrument {s ready

for the first injection.

2. Instrument {s calibrated (see “Calibration")

3. Ssmple is prepared for injection:
Sample {s shook vigorously sund poured into labeled test tube.

(A1l sed{ment must be suspended evenly)
Sample is sparged for 10 minutes with oxygen.
Syringe i{s used to agitate the sample to insure uniform suspension of

solids. . L
Syringe 1s filled to ssmple volume. ‘ No sarmp
P28 Y . ‘ o it ﬁf’

4, Sample is f{njected and ISTARTI is pushed. L

When the sample has been processed, the [READY| 1ight will come on and
the integrated concentration will be sent to the printer. This indicetes

that the instrunent {s ready for the next injection.

S« To shut the instrument down: .
Three |POWER|'e are turned off -~ 1:ft to right.

Gas supply ie turned off.
The reagent supply tube and two wasts exit tubes are disconnected to

prevent syphoning.
Pump fingers are relessed.

AUTOSAMPLER OPERATION:

The sutosampler {s loaded from the outside first with test tubes. Sample
1 4{s to the right of the grey tudbe plug. Samples l1-4 should be KHP standacde
= the first three to calibrate and the last for a check, Sample § should be a
refarence standard, and semple 6 should be s vater blank,

The autosampler MUST be calibrated separately from the manual injection
moda, .

Make sure the sample loop size corresponds to the range selscted,

Samples are loaded clockwise around the ocutside ring (ssmples 1-59).
Sample posftion 60 {s directly insf{de the grey tube plug. Samples 60-62
should be standards or dlanks. The inside ring is also loaded clockwise.

To start the autossmpler: Poaition tube 1l directly beneath sesmpling
arm. (The saople tray must only be moved counter-clockwise). The two prodes
to the right of the sampling arm will sparge the sample. No pre-sparging {s
necesasry., (Particles may clog the autosampler tubing. Therefore, samples
with suspended matter must be manually injected).

Press |AUTO] and observe proper operation.

A small magnet provided may be used to stop the autosampler
sutomatically. This is done by placing it on the tray two positions past the

last sampls,

20.96:LAB:LP-017 Aprdl 1988
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ERROR MESSAGES:

[ERROR| will 1{ght up whenever an integration is not acceptable, or hes
been interrupted. For an explanation of the sources of posaible error see pg.

3-10 of the manual.
The {nstrument is ready for the next injection when the |READY| light e

on, even 1f the [ERROR| light is on.

QUALITY CONTROL: (f2£§>

A vater blank and calibration standard acre run each day to verify
calibration. Recalidbration (or updating an existing calidration) is necessacy
-4f etandards vary by more then 10X from calidration. A check standard is run
sfter every 10 samples to monitor system stability.
Duplicates are run for 10X of the ssmples.
Spikes (usually at 10 parts per million) sre run st a frequency of 10X of

samples. 1f recovery is out of range, the spike {3 repeated. If it {s scill
out of range, a different sample 1s spiked. If new spike {s in range, matrix
interference of the first sample {s indicated.

Refesrence standard {s run each day.
- Duplicate values are spike recovery sre charted to monitor precision and

gccursacy over time.

20.96:LAB:LP-017 : ' April 1988
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Appendix

APPLICATION: To analyze soil, sludge, and solid waste for organie carbon.

REFERENCE: ASTM Method D4129-82, 1982,

Dohrmann DC-80 TOC Systems Manual, ed. 6, January 1984.

SAMPLE HANDLING AND PRESERVATION:

The sample is not preservad, but is refrigerated in s glass
botcle.

APPARATUS :

Dohrmann DC 80 Total Organic Carbon Analyzer with Sludge and Sediment
Sample Accessory

Forceps

Watch Glass

50 uL Syringe

Small Spatula

Platinum Boat

PROCEDURE:

1.

[

Start up:

Three DPOWER ‘s are turn on--right to left. Furnace {is turned on.

Gas supply i{s turned up to 30 psil oxygen. The furnace pust be allowed
to warm up for approximately one hour., During this time, the two tubes
from the furnace should be immersed in water, ph = 10, to absorb any
NOg that may be formed. The furnace {s ready when the tube mnear the
sample inlet is glowing., When the baseline is stabilized around 0.0100,
the instrument {s ready for the first injection. The PUMP and LAMP
do not have to be turned en.

The teflon loop is removed form inlets 4 and 5 on the reaction module and
lines 4 and 5 from the furnace are attached in {ts place.

Boat preparation:

The platinum boat is lined with quartz wool. The boat is introduced inte
the furnace and allowed to "bake-out”.

The instrument {s calibrated using 2000 ppm KIP standard. The standard is
injocted into the boat through a septa in the sample port.

Sample preparation: 4 ‘ .
1 Q) serp*
Sample is mixed until homogeneous. 2

Transfer approximately 5 grams of sample intc a porcelain dish. Add 5%
sulfuric acld dropwise, while mixing, until effervescerce is no longer
visible. Dry in en oven at 105°C until constant dry weight is obtained.
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Sample is weight into a li{ned platinum Loat. (Sample sizoc must be kept

betweon 10 and 100 mg.)
Sample is placed in the saddle and the Injection port is closed. Sample
{s allowed to stand outsids of furnace for about 2 minutes to stabjlize

the system,
Note: When calibrating, the boac is {mmedliately incxoduced fnto the furnace. /
PQ e Fare

’ // "1; ‘}/ »”‘[‘"\P /3 Dn«."l{/ 4
é‘—rzg Cafrrteny \S<hen e’
5. .START is pushed and sampls in introduco incgzqu: irnace N Whon the

sample has been processed, the READY light will come on and the {ntegraced
concentration will be sent to the printer. This indicatos that the {nstru-
ment is ready for tho next sample.

6. 'Ins:rqmonc shut down:

Three POWER 's are turned off--laft to right. Gas supply ls turned of(.
The reagent supply tube, the two wasta exit tubes, and lines 4 and § are

disconnectud to prevant syphoning.

ﬂ o Aa )7L

5o MO

/6~ n
) /é '“a’~cJ 4{ ) -;/
¢+ 7 /Q’V 4 é,/(
g ~
/ 3 .
i b e ~

4 ( -
2% .
mge ' (nd

AV T



— — —————



APPENDIX B-3
GROUNDWATER FIELD SCREENING METHOD



Glaeld

Sl d

Tracer Research Corporation

PREPARED FOR:

Warzyn Engineering, Inc.
One Science Court
Madison, Wisconsin 53705

SOIL GAS SURVEY
FIELD OPERATION PLAN

December 1989

SUBMITTED BY:

M s L

Tracer Research Corporation




Tracer Ressarch Corporation

TABLE OF CONTENTS

INTRODUCTION - GROUNDWATER SAMPLING PROCEDURE ........ 1
ANALYTICALPROCEDURES ...... ... ciiiiitieiinrenenncacenns 3
QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES ......... S

FIGURES (1 Through 4) « ... evn et e ee e ieeeeeenn, 11




Tracer Research Corporation

INTRODUCTION

This Field Operation Plan addresses Tracer Research Corporation’s procedures for
the collection and analysis of groundwater samples. The following list includes typical
detection limits for some target volatile organic compounds (VOCs) in both soil gas and
groundwater using direct injection techniques. These detection limits are based on
maximum injection volumes of 2 mL of gas or 5 uL of water.

*SOIL GAS GROUNDWATER

COMPOUND (ug/L) (ug/L)
1,1-dichloroethene 0.05 1
1,1-dichloroethane 0.01 2
chloroform 0.001 05
carbon tetrachloride 0.00005 0.01
1,1,2-trichlorotrifluoroethane 0.0001 0.05
vinyl chloride ’ 0.01 2
trans-1,2-trichloroethene 0.01 2
methylene chloride 0.01 2
1,1,1-trichloroethane €.0001 0.02
trichloroethene 0.0001 0.02
benzene 0.02 4
toluene 0.02 4
xylenes 0.02 4
total petroleum hydrocarbons 0.02 4

The stated detection limits for water samples can be lowered by a factor of 10 to 100
by using headspace analysis techniques. The exact amount the detection limit can be
lowered is dependant on the individual compound’s partition coefficient.

GROUNDWATER SAMPLING PROCEDURES

Water samples are collected by driving hollow probes with detachable tips below the
water table and then withdrawing the probes to permit water inflow into the resulting hole.
A vacuum adaptor is placed on the top of the probe and is used to connect to the vacuum
pump (Figure 1). A vacuum of up to 27 inches of mercury is applied to the interior of the
probe and open hole until water is drawn up the probe. Normally, water can be sampled
within 10 minutes. If the formation is unusually tight and does not yield water fast enough

1
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to fill the pipe, a vacuum can be applied to the probe for an indefinite period. After
remaining under vacuum for 15 to 20 minutes, usually some water is drawn into the open
bole or up into the pipe. The water thus accumulated is then removed by drawing a
vacuum on a 1/4 inch polyethylene tube inserted down the probe to the bottom of the open
hole. After the tube fills with water it is removed and drained in to a 40 mL VOA bottle.
This procedure allows a water sample to be collected in a short time from very tight
formations that might otherwise require hours or days to collect by conventional means.
Loss of volatile compounds by evaporation is accordingly reduced when water is induced
to flow into the very narrow hole, because it can be sampled with little exposure to air or
none at all if the sample is drained directly out of the probe and through the tubing. The
polyethylene tubing is only used once and then discarded to avoid amy cross-contamination
problems. '

Water samples are collected in 40 mL VOC vials that are filled to exclude any air
and then capped with Teflon-lined septa caps. Water samples are permitted to stand up
to several hours if necessary before chromatographic analysis in order to ensure that a
sediment-free sample can be withdrawn from the top portion of the vial. Water samples
are subsampled and analyzed by direct injection in volumes ranging from 0.2 uL to S uL,
depending upon the contaminant concentrations.

Groundwater samples can also be analyzed by injecting headspace in the sample
container created by decanting off approximately half of the liquid in the bottle. Headspace
analysis is the preferred technique when a large number of water samples are to be
performed daily. The method is more time efficient for the measurement of volatile
organics than direct injection because there is less chance for semi-volatile and non-volatile
organics to contaminate the system as there is with direct injection. Depending upon the
partitioning coefficient of a given compound, the headspace analysis technique can also

yield greater sensitivity than the direct injection technique.
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ANALYTICAL PROCEDURES

L

Varian 3300 Gas Chromatograph

A) Equipped with Electron Capture Detectors (ECD), Flame Ionization
Detectors (FID), Photo Ionization Detectors (PID) and/or Thermal
Conductivity (TC) Detectors.

B) The chromatographic column used by TRC for the analysis of
halocarbons is a 1/8" diameter packed column containing Alltech OV-10L
This nicely separates most of the tri-chloro and tetra-chloro compounds that
are encountered in soil gas investigations. The di-chloro compounds tend to
elute ahead of the tri-chloro and tetra-chloro compounds, thus creating no
interference. In the event that assurance of the identity of a compound in
any particular sample is needed, it will be analyzed on a SP-1000 column
after the OV-101 analysis.

Two Spectra Physics SP4270 Computing Integrators.

The integrators are used to plot the chromatogram and measure the size of
the chromatographic peaks. The integrators compute and record the area of
each peak. The peak areas are used directly in calculation of contaminant

concentration.

Chemical Standards From ChemServices, Inc. of Westchester, Pennsylvania.
A) TRC uses analytical standards that are preanalyzed, of certified purities
and lot numbered for quality control assurance. Each vial is marked with an
expiration date. All analytical standards are the highest grade available.
Certified purities are typically 99%.
B) The Quality Assurance procedures used by ChemService were described
by the Laboratory Supervisor, Dr. Lyle Phipher:
1) The primary measurement equipment at ChemServices, the
analytical balance, is serviced by the Mettler Balance Company
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on an annual basis and recalibrated with NBS traceable
weights.

2) All chemicals purchased for use in making the standards
are checked for purity by means of gas chromatography using
a thermal conductivity detector. Their chemicals are purified
as needed.

3) The information on the purification and analysis of the
standards is made available upon request for any item they
ship when the item is identified by lot number. All standards
and chemicals are shipped with their lot numbers printed on
them. The standards used by TRC are made up in a two step
dilution of the pure chemical furnished by ChemServices.

Analytical Supplies
1. Sufficient 2 and 10 cc glass and Hamilton syringes so that none have to
be reused without first being cleaned.

2. Disposable lab supplies, where appropriate.
3. Glassware to prepare aqueous standards.
4. Miscellaneous laboratory supplies.
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QA/QC PROCEDURES

L

Standards
A) A fresh standard is prepared each day. The standards are made by serial
dilution.
1) First, a stock solution containing the standard in methanol
is prepared at TRC offices in Tucson. The stock solution is
prepared by pipetting the pure chemical into 250 mL of
methanol in a volumetric flask at room temperature. The
absolute mass is determined from the product of volume and
density calculated at room temperature. Hamilton microliter
syringes, with a manufacturer’s stated accuracy of + or - 1%,
are used for pipetting. Information on density is obtained from
the CRC Handbook of Physics and Chemistry. Once the stock
solution is prepared, typically in concentration range of 50-
1000 mg/L, a working standard is prepared in water each day.
The solute in the stock solution has a strong affinity to remain
in methanol so there is no need to refrigerate the stock
solution. Additionally, the solute tends not to biodegrade or
volatilize out of the stock solution.
2) The working standards are prepared in 40 mL VOA
septum vials by diluting the appropriate ug/L quantity of the
standard solution into 40 mL of water.
B) The standard water is analyzed for contamination before making the
aqueous standard each day.
C) The aqueous standard is prepared in a clean vial using the same syringe
each day. The syringe should only be used for that standard.
D) Final dilution of the calibration standards are made in water in a VOA

vial having a Teflon coated septum cap instead of in a volumetric flask in
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order to have the standard in a container with no air exposure. The VOA
bottle permits mixing of the standard solution and subsequent syringe
sampling all day long without opening the bottle or exposing it to air. The
measurement uncertainty inherent in the use of a VOA bottle instead of a
volumetric flask is approximately + or - 1%. .

E) If headspace analyses are performed, a 3-point headspace calibration will
be performed at the beginning of the day. The aqueous standards will
contain the compounds of interest in the range of 5 to 1000 ug/L depending
on the detectability of the individual components. Three check standards wﬂl
be analyzed once at the beginning of the day to determine the mean response
factor (RF) for each component (Figure 3). One of the three check
standards will be injected again after every fifth sample to check detector
response and chromatographic performance of the instrument throughout the
day. :

F) The RF allows conversion of peak areas into concentrations for the
contaminants of interest. The RF used is recalculated if the standard
response varies 25%. If the standard injections vary by more than 25% the
standard injections are repeated. If the mean of the two standard injections
represents greater than 25% difference then a third standard is injected and
a new RF is calculated from the three standard injections. A new data sheet
is started with the new RF’s and calibration data.

% difference = _A area - B area
A area

Where ; A = mean peak area of standard injection from first calibration
B = peak area of subsequent standard injection

G) The low ug/L aqueous standards that are made fresh daily need not be
refrigerated during the day because they do not change significantly in a 24
hour period. On numerous occasions the unrefrigerated 24 hour old
standards have been compared with fresh standards and no difference has

6




been measurable. If the standards were made at high ppm levels in water,
the problem of volatilization would probably be more pronounced in the
absence of refrigeration.

H) Primary standards are kept in the hotel room when on a project.

I) A client may provide analytical standards for additional calibration and
verification.

Syringe Blanks

A) Each uL syringe is blanked before use.

B) 2 cc (glass) syringes will each be blanked if ambient air concentrations
are elevated (greater than or equal to 0.01 ug/L) for components of interest.
C) If ambient air concentrations are <0.01 ug/L for components of interest,
a representative sample of at least two syringes are blanked at the beginning
of each day. If representative syringes have no detectable contamination
remaining syringes need not be blanked. If any of representative syringes
show contamination, all 2 cc syringes must be blanked prior to use.

D) Syringe blanks are run with air or nitrogen.

E) If it is necessary for any syringe to be used again before cleaning, it is
blanked prior to its second use.

System Blanks

A) System blanks are ambient air drawn through the probe and complete
sampling apparatus (probe adaptor and 10 cc). The probe is above the
ground.

B) One system blank is run at the beginning of each day and compared to
a concurrently sampled air analyses.

C) A system blank is run before reusing any sampling system component.
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Ambient Air Samples

A) Ambient air samples are collected and analyzed a minimum of two times
daily to monitor safety of the work environment and to establish site
background concentrations, if any, for contaminants of interest.

B) All ambient air samples shall be documented (Figure 3).

Samples

A) All unknown samples will be analyzed at least twice.

B) More unknown samples will be run until reproducibility is within 25%,
computed as follows:

Difference = _A-B
(A + B)/2

Where; A is first measurement result

B is second measurement result
If the difference is greater than .25, a subsequent sample will be run until two
measurements are made that have a difference of .25 or less. Those two
measurements will be used in the final calculation for that sample.
C) The injection volume should be adjusted so that mass of analyte is as
near as possible to that which is contained in the standard, at least within a
factor of ten
D) Whenever possible the attenuation for unknown samples is kept constant
through the day (so as to provide a visual check of integrations).
E) A water plug is used as a gas seal in uL syringes
F) A seal is established between syringes when subsampling
G) At very high concentrations air dilutions are acceptable once
concentration of contaminants in air have been established.
H) All sample analysis are documented (Figure 3).
I) Separate data sheets are used if chromatographic conditions change
J) Everything is labeled in ug/L, mg/L, etc. PPM and PPB notations are
avoided.




Tracer Research Corparation

Daily System Preparation (Figure 4).

A) Integrators parameters are initialized
1. Pt evaluation
2. Attenuation
3. Peak markers
4. Auto zero
S. Baseline offset (min. 10% of full scale)

B) The baseline is checked for drift, noise, etc.

C) System parameters are set.

1. Gas flows (Note: N, air, H, tank pressure on Page 1 of A
chromatograms). ‘ '
2. Temperatures

a) Injector

b) Column

c) Detector

D) After last analysis of the day conditioned septa are rotated into injection

ports used during the day and replaced with fresh septa.

E) Column and injector temperatures are run up to bake out residual

contamination.

F) Syringes are cleaned each day —
1. 2 and 10 cc syringes are cleaned with Alconox or equivalent
detergent and brush
2. uL syringes are cleaned daily with IPA or MeOH and
purged with N,. Syringe Kleen is used to remove metal
deposits in the barreL
3. Syringes are baked out overnight in the oven of the gas
chromatograph at a minimum temperature of 60°C.
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Sample Splits ” .

If desired, TRC’s clients or any party, with the approval of TRC's client,
may use sample splits to verify TRC’s groundwater sampling results. Splits
of the aqueous standards or the methanol standards used by TRC for

instrument calibration may be analyzed by the party requesting sample splits.

10
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Figures 1 through 4

11




Tracer Research Corporation

ia iB

J

Pa- aa

10CC GLASS SYRINGE
K SNSILICONE RUBBER TUBE COMNNECTION
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.

SYRINGE | ADAPTER FOR SAMPL/NQ \SOIL-(;AS PRO!
. NEEDLE HOSE
CLAKP.
SILICONE RUBBER : _J
TUBE "r 1
— ———CLEAR TUBING SLEEVE CONNECTOR

(DISPOSABLE)

| _—SO/IL-GAS FLOW OURING SAMPLING
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FIGURE 1. SAMPLING APPARATUS

1A. CLOSE-~UP OF SYRINGE SOIL GAS SAMPLING THROUGH EVACUATION LINE
1B. DIAGRAM OF SOIL GAS SAMPLING PROBE WITH ADAPTOR FOR
SAMPLING AND EVACUATION OF THE PROBE AFTER IT IS
DRIVEN INTO THE GROUND
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VAN §_/
PLATE §_YCA4-27Y

SOIL GAS STIGATION BACKGROUND

SITE RAME: DPAVIPSon cHearedl
LOCATION: 19800 WEST AENUE N.  tAWTHoEN  Souridl pAZorA
DATES OF INVESTIGATION: 2/i— 2/s8/23
CLIENT NAME & ADDRESS:___£L2A4NDENABVLE (PSRN EYIAL
GO2 NAL/SE LD
L ELERNTRAL | SD /9667
FIELD REPRESENTATIVE(S) FOR CLIENT:_7®fF AANDELLET.

PERSON TO WHOM REPORT AND QUESTIONS N’
_SHOULD BE DIRECTED: SARAN _NHNENDEL
PRONE: ( 787 ) 97+ —/%01

CREW: CEBEMIST _ 5. cA¢lScex GEOLOGIST . At/
RE TO INCLUDE (CIRCLE):

A QA/QC-PROCEDURES-DATA ONLY or
B. FULL REPORT WITH CONTOUR MAPS AND INTERPRETATION

URPOSE_OF INVESTIGATION @
e

GROUNDWATER INFORMATION:
DEPTH TO WATER: 2787 DIRECTION: A&

SQURCES OF CONTAMINATION

LAY - :

L2 Xewe CACHT AIARPLy SIDEATE WK CEAAED AYD LD Feosy |

ALY, ITT2(TER NN LfANY SR DININ.  SDWRCE LAS LERRVED
. sl ;

GEOLOGIC SETTING:(e.g. soil type, subsurface geology, et:,c.)
Ale’) -

FIGURE 2A
FIELD LOGBOOK - BACKGROUND INFORMATION
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DATE : 2-/4-3%
LOCATION : pfvidson CHENKAL , 24v(/onA | 5P
CLIENT : geswpenbure &wv. :

GC Operator: 3. cius8ies Field Assistant: . Aqvedovt
Weather : IAE SN SQMUS | kb £ ALEETY

FIELD HOURS

Apime on site : ¢730 Lunch hours : /
Brime off site : /730 Downtime hours’ : ¢
--------- Standby hours? : ?
Hours _on site
(7 -%) L4 (-

DBCOKTRH\,&TION

Probe Decontamination ® Syringe Decontamination
Total hours: /¥y 9 Totel hours : /2
Ao A f— :
Verified by GC operator Verifiiﬁ by field assistant

DAILY SUMMARY

Calibration Sampling Analysis
Time start : g73° Max vacuum : 23 in Hg Total system
Time end : of3s Probes used : /2 blanks :
-------- Points used : 2o Total air —
Total hours: / Soil gas samples samples : 3

collected : /%
Water samples
collected : ¢

Field data and gas standards checked by d ég‘c

Data checking hours: 7

1 _ powntime includes time spent repairing sampling & analytic equipment;
note times and explanation on following field data pages
- Standby includes time available for sampling but waiting for client;
. note times and explanation on following field data pages

FIGURE 2C
FIELD LOGBOOK - DAILY SUMMARY



OATE: 2~ 16~ 37
LOCAT ION: pAVIOSaN CHEMICAL , LA THOAN,SD  CLIENT : KLAmDENSuké ENV

Tracer Research Corporation

SAMPLIN DATA

TIME

SAMPLE
NUMBER

DEPTH

PROBE##
ADAPT #*
PROBE

NOTES/ADD'L DATA

G
"
=)
S
: REQUESTED 8Y CLIENT

PUSK/
POUND
VAC({in Hg)
EVAC
TIME (s)
yoL(eo)
POINTS

TIME ON SITE:

o730

BEGIN CALIBRATION: o770 .
* L A M SR S
lomrey i it RPN I
B sy AL M 38 M
4 i S 4 - 4 i " rl
: i, T iyt s D . iTE smes€ f*"‘("’f”‘ «* "’“‘,"‘“ Mzm
80 IStepr 16 27:ig,,. 0 3 13001 9 11 EVNGENCE OF LEAKS (2hisy 5 PEAP, FFCDY
: 4 :‘ : 7352 % :3 :30;2 7 ;/;n/m DER AND PRIIPVE Qv 1OADrG AtY ~To ‘6
: DG muei L 11 BN M i 0CHARD B T S e
s : 19—‘01 3‘ 520/51(;'4‘, s 533376513, WL, 2LOIE NIRECP THREN EXSILY - ACIARD 4'erd (NG
: DTt tapege i 1 A TRL WNE AStnlis; CLoV pAT mEweres
ety . - . . 4
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i g
; LA S S
N O I S U B N
i - R
: .. MR
; I I A
* MR HERERE
; HE PP

FIGURE 2D
FIELD LOGBOOK - SAMPLING DATA

|




.

TRACER RESENRCH CORPORRTION

JOB~ OAVIDSON CHEMICAL, LAWTHORN, SOUTH DAKOTA

1 DRTE~ 16 FEBRUARY 1989
CHEMIST- S CHURBLES
GEOLOGIST- M FAVERON1

. e

DETEGTOR A <0 or 1) 1 1 : 1

OETECTOR B <0 or 1) 0 o o

RETENTION TIMES conP 1 0.78 comP 2 1.1 cowP 3 1.7

SAMPLE INJECTION Cul) s ' s . 5 '

STANDARD CONCENTRATION Cug/Ld: =-=~=-=—- 3 10 ; . s | 10 ——mmmom l

AREA RESPONSE 1: 93310 ! 2000436 ! 1140876 -—=-- -

FROM INJECTION 2: 4 103683 ! 1956743 : 1114123 ~—ammne :
3: 107198 | 2150578 ; 1126578

RESPONSE FACTOR: 5 -4.90E-16 1.236-17 4.43E-17

COMPONENT F113 : TCA : TCE
NRME 2 : !

SAMPLE TIMECA/B)INJ A INJ B . RAREA CONC. MEAN AREA CONC. MERN ARER CONC.

8" 11 12 14 err ERR ERR
H20 BLANK 755 3 -1000 -0.09797 <0.1  -1000 -0.00245 <0.002 -1000 -0.00885 <.009
7 N2 BLANK 800 1000 ~1000 -0.0048 <0.0505  -1000 -0:00001 <.0000i  -1000 -0.00004 <.00004

nir sarLe8 @23 1000
SYSTEW BLANKQ 843 1000

2000 0.000979 0.001
2000 0.0009;3 0.001

E
13342 0.007313 0.000

4702 0.000037 .00006 12569 0.000556 0.0006
3360 O.DOOggg .00007 10724 0000;;; 0.00035

SGO1-3* 941 1000 3400 0.000066 .00007 331623 0.015560 0.02
SGO1-8° 947 1000 17986 0.008811 3874 0.000072 4105352 0.018168
10 ° 13 ERR 15 ERR . ERR
WS-18 9535 1 3424 1.677384 2 -1000 -0.01227 <0.01 40528 1.793498 2
Ws-18 1003 1 3630 1.788099 -1000 -0.01227 .+ 44713 1,978786
FIGURE 3.
EXPLANATION OF FIELD DATA SHEET
1. Slee and osatl intermation, 9, Oyesan blask verilles dsoontonination of ssapling squipmens,
3. Wams of conpoved. 16, Senple 10 avaber; 00813’ (0ail gac cenpio | taken 3’ belev grode),

W$-18 (water le).
3. Coseentratios of ssalyte In calibretion standard. ' sasels)

11. Tise ot swslysie ldeotifles the shremstogran frem vhich the dote wes
4. Pesk aress shealned trea standard Injections during salibration. wehen, re

$. Respense facter (AP) for eongound obtelined Lrem three salibestion runs. 13, Assust of sample Anjeet! od senseniration eslesletion,
fn':;o Ul cu"hr caleulation of astusl concontrations and are seple injestion - '. toe eslen)
1aclvded oa soch data shest. 13. Peak -r:a -luv dats p “ 4 7 tha ry § _“ . that feo
reional te tA o .
8. Water Dleak veritlies purity eof standerd weter and cleanlinese of peope e macs of ssalyte is the sample
iajestion systen. 14, Astusl les g is the 1 4 o 1 esignifisast

[{1 .
7. Witregea Blask varifies decontanlsctios of eyringes asd ssalytical eyeip. gure

1S. Reat Zeaceatration of 1feate fnjestians.
6. ALr canple givee amblent ¢encestrations for eompatioss with system Blesk. dop 3
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APPENDIX B4
DISSOLVED OXYGEN ANALYSIS OF GROUNDWATER



YSI DISSOLYED OXYGEN METER AND PROBE

Scope and Application: The instructions outlined below are to be followed for
the daily calibration and routine operation of the YSI
Dissolved Oxygen Metar and Probe.

Reference: Instruction Manual YSI Model 54ARC Dissolved Oxygen Meter and YSI
5700 Dissolved Oxygen Probe.

Reacents and Apparatus:

. YSI 54ARC Dissolved Oxygen Meter

YSI 5720A B.0.D. Bottle Probe

Membrane and KC1 kit, standard, YSI 5775
Replacement “0" ring, YSI Part #5345

. Beater boot assembly, YSI Part #5486

UV BN -
.

Operating Procedure:

I. Preparing the Probe

A11 YSI 5700 Series Probes have similar sensors and should be cared
for in the same manner. They are precision devices relying on good
treatment if high accuracy measurements are to be made. Prepare the
probe as follows.

ALL PROBES ARE SHIPPED DRY - FOLLOW THESE INSTRUCTIONS
TO PREPARE FOR USE

1. Prepare the electrolyte by dissolving the KC1 crystals in a
dropper bottle with Mi11i-Q water. Fill the bottle to the
top. :

2. Remove the "0" ring and membrane. Thoroughly rinse the sensor
with KC1 solution.

3. Fill-the probe with electrolyte as follows (see Figure 1):
a. Grasp the probe with your left hand.

b. Fill the sensor body until no more air bubbles appear.
Tap the probe against the countertop to dislodge any
air bubbles adhering to the sensor.

¢c. Secure a membrane under your left thumb. Add more electrolyte
to the probe until a large meniscus completely covers the gold
cathode. NOTE: Handle membrane material with care, keeping
it clean and dust free, touching it only at the ends,

d. With the thumb and forefincer of your other hand, grasp the
free end of the membrane.

YSI1D0-1
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e. Using a continuous motion stretch the membrane UP, OVER,
and DOWN the other side of the sensor. Stretching forms
the membrane to the contour of the probe. The membrane
can be stretched to approximately 1 1/2 times its normal
size.

f. Secure the end of the membrane under the forefinger of the
hand holding the probe.

g. Roll the "0" ring over the end of the probe. There should
be no wrinkles in the membrane or trapped air bubbles.
Some wrinkles may be removed by lightly tugging on the edges
of the membrane beyond the "0" ring.

h. Trim off excess membrane with scissors or sharp knife.
Check that the stainless steel temperature sensor is not
covered by excess membrane.

Shake off excess KC1.
Store the probe in a BOD bottle containing about 1 inch of water.

Membranes average replacement is 2-4 weeks. If the electrolyte
in the probe is allowed to evaporate, air bubbles form under
the membrane. If air bubbles are noted under the membrane or
if the membrane becomes damaged, thoroughly flush the reservoir
with fresh KC1 and install a new membrane as described above.

Replace the membrane if erratic readings are observed or
if calibration is not stable,.

NOTE: The gold cathode should always be bright and untarnished.
If it is tarnished (which can result from contact with
certain gases) or plated with silver {which can result
from extended use with a loose or wrinkled membrane),
return it to the factory for service. Never use chemicals
or abrasives in an attempt to clean it.

Figure 9

Y5i00-2



I1I. Preparing the YSI Instrument

It is important that the instrument be placed in the intended operating
position; vertical, tilted, or on its back - before it is prepared

for use and calibrated. (See Figure 8). Recalibration may be necessary
when the instrument operating position is changed. After preparing the

probe proceed as follows:

1. With switch in the OFF position, adjust the meter pointer to
Zero with the screw in the center of the meter panel. Readjustment
may be necessary if the instrument operating position is changed.

2. Switch to RED LINE and adjust with the RED LINE knob until the
meter needle aligns with the red mark at the 31°C position.

3. Switch to ZERO and adjust to zero with zero control knob.

4., Attach the prepared probe to the PROBE connector of the
instrument and adjust the retaining ring finger tight.

5. For optimum probe stabilization, let the meter and probe
equilibrate fcr 15 minutes before calibrating.

Ni=in

Figure 2

II1. Calibration

The operator has a choice of three calibration methods: Winkler
titration, Saturated Water, and Air. The three methods are described
in the following paragraphs. The Winkler titration is the preferred

me thod of calibration.

Winkler Titration

1. Determine the dissolved oxygen in two samples from the aerated
water source using the Winkler titration technique (refer to
the Dissolved Oxygen SOP) and average the values. If the
values differ by more than 0.5 mg/L, discard the samples and

repeat.

YSIDO-3
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Place the YSI probe in the third sample and stir.

Switch to desired mg/L scale range and adjust with the CALIBRATION
control to the average value determined in Step 1. Allow the
probe to remain in the sample for at least two minutes before
setting the calibration value, and leave in the sample for an
additional 2 minutes to verify stability (Readjust if necessary).

Saturated Water Calibration

1.

2.

Air saturate a volume of water by aerating for at least 1 hour
at a constant temperature (preferably room temperature).

Place the probe in the sample and stir. Switch to TEMPERATURE
scale. Refer to Calibration Table I for the mg/L value
corresponding to the temperature.

Determine local altitude or the “true” atmospheric pressure
(note that "true" atmospheric pressure is as read on a barometer,
Weather Bureau reporting of atmospheric pressure is corrected to
sea level)., Using Calibration Table Il determine the correction
factor for your pressure or altitude.

Multiply the mg/L value from Table I by the correction factor from
Table II to determine the corrected calibration value for your
conditions.

EXAMPLE: Assume temperature = 21°C and altitude = 1000 feet.
From Table I the calibration value for 21°C is 8.9 mg/L. From
Table II the correction factor for 1000 feet is about 0.96.
The corrected calibration value is 8.9 mg/L x 0.96 = 8.54 mg/L.

Switch to an appropriate mg/L scale range and adjust the CALIBRATE
knob while stirring until the meter reads the corrected calibration
value from Step 4. Leave the probe in the sample for two minutes
to verify calibration stability. Readjust if necessary.

Air Calitration - Fresh Water

1.

Place the probe in a BOD bottle partially filled with water,
Wait approximately 10 minutes for temperature stabilization,
This may be done simultaneously while the probe is stabilizing.

Switch to TEMPERATURE and read. Refer to Table I - Solubility of
Oxygen in Fresh Water, and determine calibration value,

Determine altitude or atmospheric correction factor using Table II.

YSIDO-4
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Multiply the calibration value from Table I by the correction

EXAMPLE: Assume temperature = 21°C and altitude = 1000 feet.
From Table 1 the calibration value for 21°C is 8.9 mg/L. From
Table II the correction factor for 1000 feet is about 0.96.
Therefore the corrected calibration value is 8.9 mg/L x 0.96 =

Switch to an appropriate mg/L range and adjust the CALIBRATE
knob until the meter reads the corrected calibration value from
Step 4. Wait two minutes to verify calibration stability.

With the instrument prepared for use and the probe calibrated,
place the probe in the sample to be measured and turn on

Allow sufficient time for probe to stabilize to sample.

The probe uses a flexible stirring boot to transmit motion from the
sealed motor housing to the sample. If the boot shows signs of
cracking or other damage which may allow leaking into the motor

In fresh water applications boot life is normally several years,
but this may be shortened by exposure to hydrocarbons, moderate
to strong acids or bases, ozone, or direct sunlight. For maximum
life rinse the boot with deionized water after use in contaminated

4'
factor from Table II.
8.54 mg/L.
S.
Readjust if necessary.
IV, Dissolved Oxygen Measurement
1.
stirring beot.
2.
Read dissclved oxygen directly from scale.
Y. Maintenance of the Stirrer Boot
l.
housing, the boot must be replaced.
2.
samples.
3. Boot replacement is as follows:

a. Pull off old assembly and clean shaft.

b. Slide on new assembly making sure the back spring is on the
grooved area of the shaft. A small amount of rubber cement

may be used.

c. Check that there is sufficient clearance between the tip and
the end of the shaft to permit turning without binding.

YSIDO-5
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TABLE I

Solubility of Oxygen in Fresh Water

Tempera ture mg/L Dissclved Temperature  mg/L Dissolved
°C Oxyger °C Oxygen
0 14,60 23 8.56
1 14,19 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12,75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 31 7.41
9 11.55 32 7.28

10 11.27 33 7.16
11 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 6.71
15 10.07 38 6.61
16 9.85 39 6.51
17 9.€5 40 6.41
18 9.45 4: 6.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 5.95

Source: Derrived from 16t» Edition "Standard Methods for the
Examination of Water and Wastewater”,

This table shows the amourt of oxygen in mg/L that is dissolved in air
saturated fresh water at s2a level (760 mm Hg atmospher1c pressure)
as temperature varies from 0° to 45°C.

YSIDO-6



Table Il

Correction for Atmospheric Pressure

Atmospheric Pressure Equivalent Altitude Correction
mm/Hg or Ft. = Factor
775 £a0 1.02
760 0 1.00
748 §22 .98
730 1094 .96
714 1é28 .94
699 2274 .92
684 2854 .90
669 3466 .88
654 &082 .86
638 4756 .84
623 5203 .82
608 6C55 .80
593 6744 .78
578 7440 .76
562 8204 .74
547 8239 .72
532 9c34 .70
517 10472 .68
502 11273 .66

Source: Derrived from 16th Edition “"Standard Methods for the
Examination of Water and Wastewater®,
This table shows the correction factor that should be used to correct
calibration value for the effects of atmospheric pressure or altitude.
Find true atmospheric pressure in the left hand column and read across
to the right hand column to determzine the correction factor. (Note
that "true" atmospheric pressure is as read on a barometer. Weather
Bureau reporting of atmospheric pressure is corrected to sea level,)
If atmoshperic pressure is unknown, the local altitude may be substitutec.
Select the altitude in the center column and read across to the right
hand column for the correction factor.
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES

INSTRUCTIONS

The probes described in these instructions are designed
for direct use with YSI Models SO, S1B, S4ABP, S4ARC,
$6, 57 and 58 Dissolved Oxycen Meters. The probes can
also be used with discontinued YSI Models S1A, S4BP and
S4RC Dissolved Oxygen Meters when the YSI 5735 Cable
Adapter is employed.

PRINCIPLES OF OPERATION

YSI 5700 Series Probes are polarographic sensors. A
thin permeable membrare stretched over the sensor iso-
tates the electrcdes frcm the environment, but allows
ses to enter. When a polarizing voltage is applied
wcross the sensor, oxyge: that has passed through the
'‘mbrane reacts at the cathode, causing a current to

4 OW

The membrane passes oxygen at a rate proportional to
the difference across it in partial pressure of oxygen.
Since oxygen is rapidly consured at the cathode, it can
be assumed that the oxysen pressure under the mexbrane
is zero. Hence, the force causing the oxygen to
diffuse through the me=drane is proportional to the
partial pressure of oxysen outside the membrane. As
the oxygen partial pressure varies, both the oxygen
diffusion through the me=brane and the probe current
wiil change proportionaliy. -

SPECIFICATIONS

Cathode: Gold
Anode: Silver
Hembrane: .001" FZP Teflecn, standard
T ectrolyte: Half saturated KCl
mperature Range: -5° %o 45°C
15¢ ts 15°C for the 5760 probte

“~aemperature Accuracy: =20.2°C

Temperature Compensation: (see instrurent
specifications)
Polarizing Voltage: 0.8 Volts (ncminal)
Probe Current in Air at 30°C: 19 microamps {ncminal)
in Nitrcgen at 30°C: 0.15 microasps or less
Response Time: Typical response for dissolved oxygen,
using standard meztrares, is 90% in 10 seconds at
a constant temperatzre of 30°C.
Response at low dissolved oxygen levels is typically
90% in 30 seconds.

ACCESSORIES AND REPLACEMENT PARTS

YSI S492A Battery Pack for Models 51B and 54A
the submersible stirrers.)

YSI 5735 Cable Adapter (Mates 5700 Series probes with
discontinued YSI Models S51A, S43P and S4RC Dis-
solved Owsgen Metess)

(Powers

=18
=F= YSI Incorporated

Accessories for the S720A, 5739 and 5750

YSI $S680 Probe Reconditioning Kit.
tool and ten adhesive disks.

YSI 5775 Mesmbrane ané KCl Xit, Standard. Inclucdes two
1S-mexbrane packets (.001" thick standard FE?
Teflon membrares) and a 30 ml bottle of XCl with
Kodak Photo Flo.

YS1 S776  Merbrane ard KC1 Kit, High Sensitivity.
Includes two 15-zexbrane packets (.0005" thick
FEP Teflon pe-braznes) and a 30 ml Lottle of KC)
with Xodak Proto Flo. Used for measurenents below
15°C and/or for low oxygen levels

Includes a sanding

YSI 5793 .001" meztranes, 10-membrane packet

YSI 5794 .0005" mezzranes, 10-membrane packet

YSI 5945 O-ring pack (Contains replacement sensor
O-rings)

Accessories for the S720A Only

YSI S486 Stirrer Boot Assembly

Accessories for the $739 Only

YSI 5075A Calibratioa Chamber
¥SI 5986 Diaphraga Kit

YSI 5740-10
YSI 5740-25
¥SI 5740-50
YSI 5740-100
¥YSI 5740-150
¥YSI $740-200

detachadle 10°' cable
detachadle 25' cable
detachable SO' cable
detachebdle 100' cable
detactable 150’ cable
detactable 200' cable

YSI 5791A Submersible Stirrer with 50' cable for stir-
rer only

¥SI S795A Submersible Stirrer
and stirrer catle

with SO0' ccebined probe

¥SI S720A BOD BOTTLE PROBE

The $S720A bottle prcbe (Figure 1) is used for measuring
dissolved oxygen in standard BOD bottles. It is pro-
vided with a stirrer powered by a DC supply availadle
for 115 or 230 VAC input.

Figure 1. The YSI S720A Probe

Yellow Springs Instrument Co., Inc., Yellow Springs, Ohio $5387 USA * Phone 513 767-2241 + 800 34 3-HELP - Fax 513 767-9353 « Telex 205437



‘1. Pull off

To use the 5720A, plug the stirrer powver supply into
line power and the probe plug in the insiru=ent. With
the stirrer off, place the tapered probe end into a
filled the BCD bottle and turn on the stirrer. The
probe should be operated with a minimun of trapped air
in the bottle. A slight amcunt of air in the unstirred
region at the top may be neglected, but ro bubdle
should be pernitted around the sensor. CATTION: The
motor housing {s not waterproof; do not sutrerge this
probe beyond the part that §{s inserted into a BCD
bottle.

Stirrer Boot (YSI 5486)

The S720A uses a flexible stirring koot to transait
motion from the motor housing to the sa=ple. 1f the
boot shows signs of cracking or other da=age liadle to
allow leakage into the motor housing, it must be
replaced. Running the S5720A with a da=aged stirring
boot could cause permanent motor darmage. Boot life may
be shortened by excosurs to hydrocartors, moderate to
strong acids or bases, ozone, or direct sunlight. For
maximum life, rinse the boot after each tse. Poots are
‘eplaced as follows:

the old assembly and cleas the stir rod
housing.

2. Slide on the nes assembly, making suze the back
spring is over the grooved area of the stir rcd
housing. A drop of alcohol will aid inszallation by
providing lubricatien.

3. Do not permit the stir rod to press against the end
of the stirrer boot tip or it will bind.

YSI 5739 DISSOLVED OXYGEN PROBE

The 5739 probe systea consists of the probe body plus a
detachable cable (see Figure 2). The detachable cable
is a convenience feature that facilitates changing
cable lengths and replacing damaged cadles or probes.
The probe and cable assembly is held together with a
threaded retainer. The assembly is »ot intended for

~_casual disconnection; cable and prote shculd be separ-
ated only when necessary.

To detach the cable, unscrew the retaizer and slide {t
down the cable to exzose the connector. P:ll gently on
the connector until it comes away fro= the prcte bcdy.
If the O-ring is frayed or damaged, replace it: a
replacement O-ring is supplied with each 5740 cable.
Reassemble by pushing the connector into the probe
body. rotating it until the two halves cate. A light

coating of silicone grease on the O-ring will make -

reassembly easier. Be sure the cc. nector 1is dry;
otherwvise, erratic readings may resul Scres on the
retainer fincer-ticht onlv.

Pressure Cozpensation

The 5739 prcte has a unique presszre ccarensating
system that helps assure accurate readings at great
depths. Pressure ccrmpensation is effective to 1/2v of
reading with pressures up to 100 psi (230 feet of
water). The ccrzensating system dces not normally
require service and should not ke takxen apart. How-
ever, if electrolyte is leaking through the diaphraga,
or if there is an cbvious puncture, the diaphragn must
be replaced. A spare is supplied with the prcbe. Use
a coin to unscrew the retaining plug and rexove the
washer and diaphragm. With distilled water, flush any
salt crystals frco the reservoir, irstall a new dia-
phragn (flat side out), replace the washer and securely
screw in the retaining plug.

/7 “RETAINER

~CONNECTOR
~PROCSE BODY
D!AP}-E-‘AGH
/ WASHER
,’% , ,F\ETAINING PLUG

“MEMBRANE O-FllN..

v}/\SENSOR GUARD

MEMBRANE—

Figure 2. The ¥YSI 5739 Probe

YSI 5750 BOD BOTTLE PROBE

The $750 (Figure 3) is similar to the S7Z0A except that
it does not have a stirrer. MAsitation of the sample
xust be provided by other means, such as a magnetic
stirrer.

The YSI 5750 Probe

Figure 3.

PROBE PREPARATION

All prcbes are shipped dry. You must follcw these
instructions when preparing a rew prcbe or when chang-
ing membranes. Prepare the electirolyte by dissolvirng
the KCl crystals which are suppiied in a drogcper bottle
that should be filled to the neck with distilled water
and shaken until the crystals aze dissolved.

1. Unscrew the sensor guard (£729 only). Resove the
O-ring and mextrane, then thortughly rinse the sensor
with distilled water.

2. To £ill the probe with electrolyte and install a new
wembrane, follow these steps:

a. Grasp the probe in your 1left hazd. (See the
sketches in Figure 4.} Wiea prepacing the 5739
probe, the pressure ccmpensating pcrt should be to
the right. Successively fill the sensor body with
electrolyte while pumping the diaphragm with the
eraser end of a pencil or a similar soft, blunt
tool. Continue filling and pu=ping until no more



air Ix:>bles appear. For ease in preparing the
S720A, the stirring rod should be to the left. When
Preparing the 57207 or 5750 probes, simply fill the
senscr body until no more air bubbles appear.

b. Secure a merdrane Letween your left thumb and the
probe body. Add more electrolyte to the probe until
8 large meniscus completely covers the gold cathode.
NCTE: Eandle membrane material with care, touching
it 2% the ends only.

€. With the thurb and forefinger of your other hand,
Tasp the free end of the membrane.

d. With a continuous motion, stretch it up, over and
down the other side of the sensor. Stretching forms
the mezbrane to the contour of the probe.

e. Secure the end of the membrane under the forefinger
of you= left hand while holding the probe.

f. Roll the O-ring over the end of the prcte, being
carefzl rot to tcuch the membrane surface. For the
572CA, start at the right side of the sensor and

* rell the O-ring toward the stirring rod. There
shoulé be ro wrinkles in the membrane or trapped air

bubbles. Scme wrinkles may be removed by lightly
tuggisg on the edges of the merbrane beyond the
O-ring.

g. Triz off excess membrane with scissors or sharp
knife. Checi that the stainless steel temperature
sensor is not covered by excess membrane.

3. Shake off excess XCl. On the 5739, reinstall the

sensor gward.

Figure 4. Nexbrane Application

Probe Storage

A bottc=less plastic boitle is provided with the YSI
5739 prche for convenient storage. Place a small piece
of poist towel or sponge in the bottle and insert the
prokte into the open end. This keeps the electrolyte
from érying out. The 5720A and 5750 probes can be
stored in a BOD bottle contalning at least 1" of water.

OPESATING PRECAUTIONS, ALL PROBES

1. Mezdrane life depends on use. Membranes will las: e
leng tize if installed properly and treated with cace
&uring use. Erratic readings result frca loose, wrirk-
le2 or fouled mexbranss, or from large bubbles in tie
eiectrelyte reservoir. If erratic readings, or evidenze
0! mpectrane demage otcur, you should replace the
zeatrane and XCL. The average replacement interval is
twe to four weeks; electrolyte in constant or heavy tse
will be exhausted in about two weeks.

I¢ the sensor O-ring on any probe is worn or locse,
re;lace it with the O-ring provided in the YSI 5342
O-zring Pack.

2. The gold cathode should always be bright and untas-
nished. If it is tarnished (which cen result fr—
cc=tact with certain gases) or plated with silver
(w=ich can result frem extended use with a lcose cr-
wrinkleé merbrane), it needs to have its surface
restored. Protes may either be returned to the factcry.
or cleaned with the YSI 5680 Probe Reconditfoning Ki::
rever use chenicals or any abrasive not sipplied wiil
this kit.

3. It is also possible that the silver ancée may bec—e
ccrtaninated, which will prevent successful calitrae-
tion. Try soaking the prcbe overnight in a 3% ammcrie
sclution; rinse with deionized water, recharge wizlh
electrolyte, and install a new mermbrane. If s2illi
vmadle to calibrate after several hours, return txe
probe for service.

4. Hylrogen sulfide, sulfur dioxide, halogens, and pec=
are interfering gases. If you suspect erronecus rea:s-
i3s3, it may be necessary to determine if these are tte
cesse.

These gases have been tested for resgonse:
1000 Carbon Monoxide less than 1%
100% Carbon Dioxide arcund 1%

1007 Hydrogen less than 1%
1008 Chlorine 2/3 0, response
100% Helium none
1007 Nitrous Oxide 1/3 O, response
1008 Ethylens none
1007 Nitric Oxide 1/3 0, response

S. The correct licuid level in BOD bottles is achieves
by overfilliag, then inserting a stoprer and pouri-g
¢ff the excess. When using a YSI 5760 or a S572CA prcte
i= a filled BOD tottle, be careful to insert it slowly
ts avoid sazple overilow.

€. Whea wusing the S720A in samples containing hezwy
pacticulate solids, additional stirring cay be neelel.
I=verting the stoprpered bottle i=mmediately before tse
will usually provide alequate mixing.

CXLIBRATION

Caily calibrztjon is generally appropriate. Calitre-
tion can be disturted by physical shock, touching the
re=brane, fouling of the mesbrane or drying out of the
elecirolyte. Check calibration after each series cf
reasurezents, and in tize you will Cevelop a realistic
schedule for recalibration. When prctes are rnot i=
use, store them as reccrmended in Probe Preparatios.

Frotes may be calibrated by Winkler Titration or by the
Kater Saturated Air method. Experience has shown tha:
air calibration is quite reliable, yet far simpler than
titration. PBoth rmethods are described here. Co=nsul:
the manual for your particular instrutent for xcre
ccmplete Instructions.



Minkler Titration

1. Draw a volum of water frca a single source and
carefully divide it into four sazples. Cetermine the
oxygen in three of the sazples using the Winkler Titra-
tion technique and average the three values. If one of
the values éiffers frcm the other two by more than 0.5
mg/L, discard it and average the two values remaining.

2. Using the prote-meter sysiea you are calibrating,
place the probe into the fourth sample and stir.

3. Switch to the desired mg/L range and adjust the
CALIBRATION control to the average value determined in
step 1. Allow the prote to remain in the sample for at
least S minutes before setting the calibration valvie,
then leave it in the sa=ple for an additional two
minutes to verify stability. Readjust if necessary.

Air Calibration
1. Place the prote in a BOD bottle containing about 1

inch of water. Wait approximately ten minutes for
tempecature stabilization.

e 5739 proke can be placed in the YSI SO07SA Calibra-

.on Chanber or in the s=all calibration bottle sup-

‘plied with the prote (the one with the hole in the

bottom) along with a few d-ops of water, or a moistened
towel or cloth. '

2. Read the tesperature and refer to the instrument
Calibration Table to determine the calibration value.
NOTE: To achieve the stated accuracy of measurement,
the probe must be stabilized before calibrating. The
calibration temperature should be within S degrees of
the sample temperature.

YS! Incorporated

3. Determine the ai=ospheric correction factor
Instrument fnstrocticas).

(see

4. Multiply the
factor.

calitration value by the correction

S. Switch ycur instrc—est to an appropriate mg/L range
and adjust the CALI3ZARTI control until the meter reacs
the corrected calizrazion value from step 4. Without
changing the calitraticn setup, monitor the readings
for an additicrezl 3 minutes to verify calibration
stadbility. Readjust if necessary.

WARRANTY AND REPAIR

All YSI products carry & one-year warranily on workman-
ship and parts, exclusive of batterles.’ Camage through
accident, misuse, cr te-pering will be repaired at s
ncmiral charge, if possible, when the Itex is returned
to the factery ¢- to 2t authorized YSI dealer. Elec-
trode cleanirg is cct ccvered by warranty.

If you are experiencing difficulty with eny YSI pro-
duct, it may be re:ucneld for repair, even if the war-
ranty has expired. YSI maintains ccmplete facilities
for promst servicing cn all its producis. This war-
ranty is 1limited to repair or replacerment (YSI's
option) at no charge.
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SUMMARY OF OPERATING INSTRUCTIONS

1.

CALIBRATION

. Switch instrument to OFF and adjust meter mechanical zero.

. Switch to RED LINE and adjust.

. Prepare probe for operation, connect to instrument. wait up to 15 minutes
{or probe to stabilize. Probe can be in calibration chamber or ambient air.

. Swilch 10 ZERO and adjust to 0" on g/l scale,

. Switch to TEMP and read on °C scale.

. Use probe temperature and true local atimospheric prescure {or leet above
sea level) to determine calibration values from Tables | and 1. (See
pages 14 and 15).

EXAMPLE: Probe temperature = 21°C: Altitude = 1000 feet. From
Table | the calibration value for 21°C is 8.9 mg/l. From Table Il the
altitude factor for 1000 feet is approximately .96. The correct calibration
value, then, is:
8.9 mg/i X .96 factor = 8.54 mgy/1
G. Switch to 0-10 or 0-20 mg/1 range and adjust mater with CAL control to
calibration value determined in Step F.
NOTE: it is desirable 1o calibrate probe in a high humidity environment.
(See calibration section for more detail).

Mo Ow>

MEASUREMENT

A. Place probe in sample and stir, .

8. Allow suflicient time for probo to stabilize to sample tomporature snd dis-
solved oxygen. '

C. Read dissolved oxygen on appropriate range {1-10 or 0-20 mg/l)

D. We recommend the instrument be left on between measurements to
avoid the necessity to repolarize the probe.

GENERAL CARE

A. Recharge batteries in the YSI Model 54ARC when the instrument can no
longer be red lined. Recharge 16-20 hours. Replace with Burgess CD-6 or
equivalent. Replace batteries in the YSI Model 54ABP when red line can-
not be set with Panasonic UM-2N or equivalent.

B. Membranes will last indefinitely, depending on usage. Average replace-
ment is 2-4 weeks. Probe should be stored in humid environment to pre-
vent drying out.

C. Calibrate daily.
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GENERAL DESCRIPTION

The YS! Models S4ARC and 54ABP Dissolved Oxygen Meters are intondod
for dissolved oxygen and temperature meusurement in water and waslewater
applications. but are also suitable for uso in certain other liquids. Dissolved Ox-
ygen is indicated in mg/l (milligrams per liter) on 0-10 and 0-20 mg/1 scalos.
Temperature is indicaled in °C on a -5° to +45°C scale. Both dissolved oxyyen
ranges are automatically temperaturo compensated for solubility ol oxygen in
wator and pormaability of the probo mombirane.

Tha probas use Clork-type mombrono coverod polarogrophic sensors with
built-in thermistors for temperature moasurement and compensation. A thin,
permeable membrane stretiched over the sensor isolates the sensor elements
from the environment, but allows oxygen and cortain other gases to enter. When
a polarizing voltage is applied across the sensor, oxygen that has passed through
the membrane reacts at the cathode, causing a current to fiow.

The membrane passes oxygen at a rate proportional to the pressure dillerence
across it. Since oxygen is rapidly consumed at the cathode. it can be assumed
that the oxygen pressure inside the membrane is zero. Hence, the force causing
the oxygen to dilfuse through the membrane is proportional to the absolule
pressure of oxygen outside the membrane. Il the oxyyen pressure incroases,
more oxygen diffuses through the membrane and more cutrent flows through
the sensor. A lower pressure results in less curient.

Power to operate the system is provided by internal batteries in the in-
struments, rechargeable battaeries in the YS| Model 54ARC and disposable
batteries in the YSI Model 54A8P.

SPECIFICATIONS

l. Instrument
Oxygen Measurement
Ranges: 0-10 and 0-20 mg/1 (0-5 and 0-10 mg/| with YSI 5776 High
Sonsitivity Membronog)
Accurocy: 1% of full scole ot calibration wmpotsture (£0.1 mg/l and
0-10 scale).
Readability: .05 my/l on 0-10 scale: 0.1 mg/l on 0-20 scole.

Temperature Measurement

Ranges: -5° to +45°C
Accuracy: % 0.7°C. including probe
Readability: 0.25°C

Temperature Compensation

£ 1% of D.O. reading for measurements made within £ 5°C of calibration
tomperature,

£ 3% of D.0. reading over entire range of -5 to +45°C Probe temperature.

System Response Time

Typical response for temperature and D.0O. readings is 90% in 10 seconds
at constant temperature of 30°C with YS! 6776 Membranes. D0.0.
rosponse ot low tomperature and low D.0. is typically 90% in 30 seconds,
YSi 5776 High Sensitivity Membranas can be used to improve response st

L.

'
t

low temperature and low D.0. concentrations. It response ime under any
operaling conditions exceeds two minutes, probe service is indicated.

Operating Temporature Range

Instrument and probe operating range is -2° to +45°C. Large ambient
temperature changes will result in 2% loss of accuracy unless Red Line and
Zero are resot. :

Rocordor Output

0 (o 114-138 mV. Racordor should have 50,000 ohims mitmum input im-
pedance.

Power Supply
YSI Model 54ABP: (4) 1.5 volt carbon zinc batteries provide approximately
1000 hours operation. Replace with Panasonic UM-2N or equal.

YS! Model 54ARC: (4} 1.25 voit Ni-Cad rechargealle cells (Burgess CD-G
or equal) provide approximately 100 hours of operation between cha:ges_.

. Probe

Cathode: Gold
Anode: Silver
Membrane: .001” FEP Teflon {.0005" FEP Teflon availabie)
Electrolyte: Hall Saturated KC)
Temperature Compensation: (See SPECIFICATIONS, 1. Instrument)
Pressure Compensation: Elfective 1/2% of reading to pressures of 100 psi
{230 ft. water)
Polarizing Voltage: 0.8 volts nominal
Probe Current: Air at 30°C = 19 microamps nominal
Nitrogen at 30°C = .15 microamps or less

Accessories and Replacament Parts

YS| 5720A — Self Stirring B.0.D. Botile Probe

YS! 5750 — Non Stirring B.0.D. Bottle Probe

YS! 5739 — Oxygen Temperature Probe lor lield use. Combine with one
ol the following cables for desired lead length:

YS! 5401 — Battery Charger Eliminator 115V

YS! 5402 — Battery Charger Eliminator 230V

Detachable leads lor use with YS! 5739:

YSI 5740-10 10" cable
YSI 5740-25 25" cable
YS| 6740-50 50" cable
YS! 5740-100 100" cable
YS! 5740-150 150" cable
YSi §740-200 200° cable

YSi 5492A — Battery Pack Operstes YSI 579 1A snd 5795A Submaersible
Stirrers

o —— e —————



YSI 5791A — Submersible Stirrer for ficld use

YS! 5795A — Submersible Stnrer tor ficld use

YSI 5075A — Calibration Chamber for use with field probe

YSt 5890 — Carrying Case

YSI 56775 — Membrane and KCI Kit, Standard — mcludes 2 cach 15-
mambrane packets (001" thick standard membranes) and 2
30 mi bottie KCI with Kodak Photo Flo.

YSI 5776 — Membrone and KCI Kit, High Sensutivity — includes 2 each
15-membrane packets (0005 thick membranes) and a 30 mi
bottie KCI with Kodak Photo Fio.

YSI 5945 — 0" Ring Pack — includes (6) “O”
Probe.

YS! 5486 — Boater Boot Kit — includes (1) A-05486 Boot, (1) A-05484
Tip. (2) A-05485 Spring. Usod only on 5720A ond discon-
tinuod 6420A ond 6720.

YS! 5986 — Diaphragm Kit for use only with YSI $739 D.O. Probe.

YSI 5734 — Adaptor makes it possible to use discontinued YSI 5400 Scries
Probes with YS! Models 54ARC and S54ABP.

YSI 5735 — Adaptor makes it possible to use YSI 5739, 5720A and 5750
Probes with discontinued YSI Models 54RC and 54BP.

nngs lor each YS) D.O.

OXYGEN PROBES AND EQUIPMENT

There are three oxygen probes for use with the YS! Models 54ARC and
S4ABP Dissolved Oxygen Meters. Descriptions ol where they are used are con-
taingd in the following paragraphs.

I. ¥YS1 5739 D.O. Prabe
The YSI 5739 probe. with built-in load weight and pressure compensation, is

an improved design that replaces the discontinued YSI 5418, 5419, 5718 and |

5719 proles. (See Figure 1)

For user convenience the probe is equipped with o disconnecting cable to
lacilitate changing cable lengths and replacing damaged cables or probes. The
probe and cable assembly is held together with a threaded retaining nut. The
connaction Is not designod for cosuul disconnuction und should only bo dis-
connaclad whon necassary.

To disconnect the cable unscrew the retaining but and shide it down the coblo
to expose the conngctor. Pull gently on the cabie and connector until the con-
nector comes away from the probe body.

To reassemble, inspect the connector and 0" riny for cleanliness. If the "0~
ring is frayed or damaged remove it by squeezing it in tho groove causing il lo
Lulge, then roll it out of the groove and ofl the connector. A replacement 0"
ring is supplied with the cable.

Push the connector into the probe body. rotating it until the two halves mate.
A light coating of vascline or silicone grease on the "0” ring will make
reassembly casier. Air trapped between the connector halves which may cause
them to spring apart slightly, is normal. Scraw on tha retining nut, hand tight
only. NOTE: Il etratic readings are exporigncod, disconn( o coble and inspoct
for water. If present, dry out and reconnect, replacing the 0" ring, il necessary.
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Figure 1
Pressure Compensation

The vent on the side of the probe is part of a3 unique pressure compensating
system that helps assure accurate readings at great depths of water. Pressure
compensation is effective 1o 1/2% of reading with pressuses to 100 psi (230 ft,
water). The quantity of air bubbles trapped under the membrane determinaes how
serious the pressure error will be. which is why proper preparation of the probe is
essential. (See OPERATING PROCEDURES.) The system is designed to accom-
modate a small amount of trapped air and still function propetly, but the amount
should be kept to 8 minimum

Tho componsating system normally does not roquire sorvicing and should not
be taken spart. However, if electrolyte is leaking through the diaphragm or if
there I8 an obvious punctlure, the dlaphragm must be replaced. A spare is
supplied with the probe. Using a coin unscrew the retaining plug and remove the
washer and the diaphragm, flush any salt crystals from the reservoir, install the
new diaphragm (convolution side in), replace the washer, and screw in the
retaining plug.

il. YSI 6720A B.0.D. Bottle Probe

The YSI §720A B.O.D. Bottie Probe replaces the discontinued YS! 5420A
8.0.D. Bottle Probe for measuring dissolved oxygen and temperature in stan-
dard B.O.D. bottles. It is provided with an agitator for stirring the sample solu-
tion, availeble ing els for 1 17VAC (96-135VAC, 560-60 Hz) or 230VAC (190-
250VAC, 50-6 -} operation. {Seo Figure 2)



Figure 2

When using the probe. plug the agitator power supply into line power and the
probe plug into the instrument. With the agitator turned olf place the tapered
probe end into the B.0.D. bottle and switch agitator “ON" with switch on top of
probe. The probe should be operated with a minimum of trapped air in the
8.0.D. bottie. A slight amount of air in the unstirred region at the top of the bot-
tle may be neglected, but no bubbles should be around the thermistor or oxygen
sensor,

Stirror Boot

The probe usoes a loxiblo stirring boot to transmit motion from the soalod
motor housing to the sample.  the boot shows signs of cracking or other
damage likely to allow leaking into the motor housing. the boot must be
replaced.

In fresh water applications boot life is normally several years, but this may be
shortened by exposure to hydrocarbons, moderate to strong acids or bases.
ozone, or direct sunlight. For maximum life rinse the boot after use in con-
taminated samples. {See Figure 3) '

Boot replacement is as follows:

1. Pull off old assembly and clean shaft.

2. Slide on new assembly making sure the back spring is on the grooved area
of the shaft. A small amount of rubber cement may be used.

3. Check that there is sufficient clearance between the tip and the end of the
shaft to permit turning without binding.
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Figure 4

1li. YSI 5750 B.0.D. Botile Probe

The YSI 5750 B.0.D. Bottie Probe replaces the discontinued YS! 5450
8.0.D. Bottle Probe. It is similar to the YSI 5720A B.O.D. Botile Probe, except
that it does not have a stirrer. Agitation of the sample must be provided by other
means, such as a magnetic stirrer. (See Figure 4)

IV. Cable Adaptors

All YSI 5700 Series Probes are designed for direct use with the YSI Models
54ARC and 54ABP Dissolved Oxygen Meters. However, 10 use YSI 5700
probes with the discontinued YS| Models 54RC and 54BP, cable adaptor YSi
5735 is required. ‘

V. YS! 6791A and 6§795A Submersible Stirrers

The YS| submaersible stirrers are accessories that perform the function of stir-
ring the sample being studied when making dissolved oxygen measuroments in
the field. The YSI 579 1A stirrer can be used with the following dissolved oxygen
probes: YSI 5418, 5419, 5718, 5719, and 5739. The YS! 5795A stirrer is only
for use with the YSI 5739 Probe. (See Figure 6)

When a stirrer and probe are assembled, the stirrer agitates the sample direct-
ly in front of the sensor by means of a rotating eccentric weight which causes
the spring-mounted hermetically sealed motor housing to vibrate. An impeller on
the end of the motor housing flushes the media across the oxygen sensor. (See
sales literature and instruction sheets for further information).

YSi 6736

Figure 5 Figure 6




VI. YSI 5492A Batiery Poack

The YSI 5492A Battery Pack is designed to attach to the case of all YSI
Model 54 Dissolved Oxygen Meters to provide power (or operating the submaer-
sible stirrers. (See sales literature and instruction sheets for further information).

OPERATING PROCEDURES

I. Preparing the Probo

All YSI 6700 Sorias Probus havoe similar sensurs vind should bo cnrod for in
the same monnor. Thoy aro procision dovices rolying on good treotmont il high
accuracy measuroments are to be made. Prepare the proboes as follows. (See
Figure 7)

ALL PROBES ARE SHIPPED DRY — YOU MUST FOLLOW THESE IN-
STRUCTIONS

1.

2.

. A bottomless plsstic bottle is provided with the YSI 5739

Prepare the electrolyte by dissolving the KCI crystals in the dropper Lottle
with distillad water. Fill the botte to the top.

Unscrew the sensor guard from the probe (YSI 5739 only) and then remove
the "0 ring and membrane. Thoroughly rinse the sensor with KCI solution.

Fill the probe with electrolyte as lollows:

A. Grasp the probe in your left hand. When preparing the YS! 5739 probe
the pressure compensating vent should be to the right. Successively fill
the sensor body with electrolyte while pumping the diaphragm with the
eraser end of a pencil or similar soft, blunt tool. Continue lilling and
pumping until no more air bubbles appear. (With practice you can hold
the probe and pump with one hand while filling with the other.} When
preparing the YSI 5720A and 5750 probas, simply fill the sensor body
until no more air bubbles appear.

8. Secure a mombrane under your left thumb. Add more electrolyte to the
probe until a large meoniscus complotoly covors tho gold cathodo, NOTE:
Handlo mombrane material with core, keeping it clean and dust free,
touching it only at the ends.

C. With the thumb and forefinger of your othar hand, grasp the free end of
the membrane.

D. Using a continuous motion stretch the membrane UP. OVER, and
DOWN the other side of the sensor. Stretching forms the membrane to
the contour of the probe. The membrane can be stretched to ap-
proximately 1-1/2 times its normal length.

E. Secure the end of the membrane under the forefinger of the hand
holding the probe.

F. Roll the 0" ring over the end of the probe. There should be no wrinkles
in the membrane or trapped air bubbles. Some wrinkles may be
removed by lightly tugging on the edges of the membrane beyond the
"0 ring.

G. Trim off excess membrane with scissors or sharp knile. Check that the
stainless steel temperature sensor is not covered by excess membrane.

Shake off excess KCl and reinstall the sensor guard.

be for con-
venient storage. Place a small piece of moist towael or sponb . the bottle
and Insart tha probe into tha opan and, This keops the aladatralyta from deye

10.

ing out. The YSI 5720A and 5750 probes can be stored in a B.0.D. bottie
containing about 17 of water.

. Membranes will last indefinitely, depending on usage. Average replacement

is 2-4 weeks. However, should the electrolyte be allowed to evaporate and
an excessive amount of bubbles lorm under the membrane. or the mem-
brane become damaged, thoroughly flush the reservoir with KCI and install a
now- meimbrane. :

., Alno ropiaco tho mombrong if orratic readings are obsorvad or colibration is

not stable.

. "Home brew" electrolytc can be prepared by making 8 saturotled solution of

tengont grade KCl and distillad woter, and then diluting the solution to hall
strength with distilled water. Adding two drops ol Kodak Photo Flo
per 100 ml of solution assures good wetling of the sensor, but is.not ab-
solutely essential.

. The gold cathode should always be bright and untarnished. If it is tarnished

(which can result from contact with certain gases) or plated with silver {which
can result from extended use with a loose or wrinkled membrane), return
it to the factory for service. Never use chemicals or any abrasive.

H2S, SO1. Halogens, Neon, Nitrous Oxide and CO are interfering gases. If
you suspect erroneous readings, it may be necessary to determne 1if these
are the cause. These gases have been tested for response.

100% Carbon Monoxide-Less than 1% 100% Helium-none

100% Carbon Dioxide-Around 1% 100% Nutrous Oxide-1/3 Oz response
100% Hydrogen-Less than 1% 100% Ethylene-none

1C0% Chlorine-2/3 O: response 100% Nitric Oxide-1/3 Q: response

( Figure 7



Fiyure 8

1. Preparing the Instrumaent

It is important that the instrument be placed in the intended operating posi-
tion vartical, tilted, or on its back — before it is prapared for use and calibrated.
(Soa Figure 8). Readjustment may bo nucussory whun thu instrumont operating
position is changod. Alter proparing tho probo proceod ss follows:

1. With switch in the OFF position, adjust the meter pointer to Zero with the

screw in tho contor of the inuter panel. Readjustment may Lo nocossary if
o the instrument position is changed.
; 2. Switch to RED LINE and adjust the RED LINE knob until the meter ncedle

. aligns with the red mark at the 31°C position.
s 3. Switch to ZERO and adijust 10 zero with zero control knob.

4. Attach the prepared probe to the PROBE connector of the instrumont and
adjust the retaining ring finger tight.
et 5. Belore calibrating allow 15 minutes for optimum probe stabilization.
Repolarize whenever the instrument has been OFF or the probe has been
disconnected.

Itl. Calibration .
: The operator has a choice of three calibration methods — Winkler Titration,
> Saturated Water, and Air. Experience has shown that air calibration is quite
reliable, yet far simpler than the other two methods. The three methods are
described in the lollowing paragraphs. :

Winklor Titrotion

1. Drow a volume of wator from o common source and carolully divide into four
samples. Determine the oxygen in Lhrge samplaes using tho Winkler Titration
technique and average the three values. If one of the values dilfors from the
other 2 by muore than 0.5 igy/l, discard that value and average he remaining
two.

2. Place tho probe in the fourth sample and stir,

3. Switch to desired mg/l range and adjust the CALIBRATION control 1o the
average value determined in Step 1. Allow the probe 1o remain in the sample

. for at least two minutes belore setting the cahibration value, and leave in the

) sample for an additional 2 minutes to verify stability. {Readjust if necessary).

Saturated Water

1. Air saturate a volume of water (300-500 cc) Ly aerating or stirring lor at
least 15 minutes at a rolatively constant temperature.
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. Place the probe in the sample and stir. Switch to TEMPERATURE. Reler to

Calibration Table | for the mg/1 value coresponding to the temperature.,
Determine Incal altitude or the “true’ atmospheric pressure (note that “true”
atmospheric pressure is as read on a barometer. Weather Bureau reporting of
atmospheric pressure is corrected to sea laevel). Using Calibration Table Ui
detenmine the correction factor lor your pressure or altitude.

Multiply the mg/1 volua from Table | by tho corroction lactor from Table It to
dotoimino the currectod calibration vatue for your conditions,

EXAMPLE: Assume temperature = 21°C and sltitude = 1000 fool. From
Table | the calibration value for 21°C is 8.9 my/I. From Table I
the correction factor for 1000 feet is about 0.96. The corrected
calibration value is 8.9 mg/1 X 0.96 = 8.54 mg/l.

. Switch 10 an appropriate mg/] range and adjust the CALIBRATE knob while

stirring until the meter reads the corrected calibration value from Step 4.
Leave the probe in the sample for two minutes to venfy calibration stability.
Readjust if necessary.

Air Calibration — Fresh Water

1.

Place the probe in moist air. B.0.D. probes can be placed in partally filled
{50 mil) B.O.D. bottles. Other probes can be placed in the YSI 5075A Calibra-
tion Chamber (refer to the following section describing CALIBRATION
CHAMBER) or the small calibration bottie {the one with the hole in the bot-
tom) along with a few drops of water. The probe can also be wrapped loosely
in 3 damp cloth taking care the cloth does not touch the membrane. Wait ap-
proximately 10 minutes for temperature stabilization. This may be done
simulianeously while the probe is stabilizing.

Switch to TEMPERATURE and rood. Refer to Table | — Solubility of Oxygen
in Frosh Water, and dotarmine cahbration voluoe.

Datorming altitude or atmosaphoric corracuion factor using Toble Ii.

Multiply the calibration value lrom Table | by the corroction lactor rom Table

If.

EXAMPLE: Assume temperature = 21°C and altitude = 1000 feel. From
Table | the calibration value for 21°C is 8.9 mg/l. From Table Ii
the correction factor for 1000 feet is about 0.96. Therelore, the
corrected cahbration value is 8.9 mg/l X 0.96 = 8.54 mg/l.

Switch to the appropriate mg/| range and adjust the CALIBRATE knob until
the meter reads the correcled calibration value from Step 4. Wait two
minutes to verify calibration stability.

Readjust if necessary.

Air Calibration — Sea Water

1.

Place the probe in moist air. B.0.D. probes can be placed m partidlly hiled
{50 mi) B.Q.D. bottes. Other probes can be placed in the YSI 5075A Calivra-
tion Chambaer (refer to the tollowing section describing Cahbration Chamber)}
or the small storage bottle (the one with the hole in the bottom) alony with a
few drops of water. The probe can also be wrapped loosely in a damp cloth
taking care the cloth does not louch the membrane. Wait approximately 10
minutes for temperature stablilization, This may be done simultaneously
whilo the proboe 1s puladiting,

11
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2. Switch to TEMPERATURE and read. Refer to Table lil — Solubility of Ox-
ygen in Sea Water, and determine. calibration value,

3. Switch to the appropriate mg/! range, and adjust the CALIBRATE knob until
the meter reads the calibration value determined in' Step 2. Wait 2 minutes to
verify calibration stability. Readjust if necessary.

The probe is now calibrated and should hold this calibration valua for many
measuremants. Calibration can be disturbed by physical shock, touching the
membrane, or drying out of tho electrolyte. Chack calibration alter cach sories of
measurements and in time you will develop a realistic schedule for recalibration.
For best results when not in use, follow the storage procedures recommended
for the various probes described under OXYGEN PROBES AND EQUIPMENT.
This will reduce drying out and the need to change membranes.

Callibration Chamber

The YSI GO76A Calibration Chambar i nn becnssory that haips obtoin op-
timum calibration in the field and is also e useful tool for measuring at shallow
depths {less than 4°),

As shown in Figure (A, it consists of 3 4-1/2 {oot stainless steel tube (1) at-
tached to the calibration chambaer (2), the measuring ring (3}, and two sloppers
{4) and (5).

For calibration, insert the solid stopper (4} in the bottom of the calibration
chamber {2). Push the oxygen probe {6) through the hollow stopper (5) as
shown in Figure (B). Place the probe in the measuring ring, Figure (C). and im-
merse the probe in the sample to be measured lor live minutes to thermally
equilibrate the probe. Quickly transier the probe to the calibration chamber (5)
draining excess water from the chamber and shaking any excess droplets from

-
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Figure 9

the probe membrane. For maximum accuracy. wet the inside of the calibration
chamber with lresh water. This creates 3 100% relative humidily environment
for calibration. Place the chamber in the sample for an additional five minutes
for final thermal equilibrium. Calibrate the probe as descnibed v the air-
calibration procedure. Keep the handle above water at all times.

Altor calibration, return the probe to the measurement nng for shoallow
measuraments. Move the probe up and down, or horizontally, approximaiely one
foot o sccond while moasuring. In rapidly flowing streams {groater than 5/sec-
ond) install the probe in the measuring ting with the pressure compensalng
diaphragm towards the chamber.

iV. Dissolved Oxygen Measurement

With the instrument prepared for use and the probe calibrated, place the
probe in the sample 1o be maosured and provide stirring.

1. Stirting lor the YSI 6739 Probo can bost bo sccomphshad with o YS1 sub-
marsible stirrer. If the submersible stirrer is not used, provide Monusl stirring
Liy roising and lowaring the probe about 1 ft. per second. If the 5075 Calibra-
tion Chamber is used., the entire chamber may be moved up and down in the
water at -about 1 [t. per second.

2. The YSI 5720A has a built-in power driven stirrer.

3. With the YS! 5750 sample stirring must be accomplished by other means
such as with the use of a magnetic stirring bar.

4. Allow sufficient time for probe to stabilize to sample temperature and dis-
solved oxygen.

5. Read dissolved oxygen.

V. High Sensitivity Membrane

Use of high sensitivity .0005" membranes (YSI 5776) in place ol standard
.001” membrane (YS! 5775) is recommended when measurements are to be
made consistontly at low temperatures (less than 15°C). Cabbration and
readings will be m‘ade just as if the standard YS! 5775 Membrane was being
used.

The YSI 5776 High Sensilivily Membranes can also be used in certain
situations to increaso sensitivity at temperatures about 15°C. Tho ranges thus
boecome 0-5 and 0-10 my/l. Whon calibration with high sansitivity membranas
is sttemptod at tamparoturas (router thon 15°C 1ha selocior switch must Lo sot
to 0-20 mg/l. Multiply the calculated calibration valua Ly 2. For exumplo: ot
21°C and 1000 . altitude the calibration value would be 8.6 x 2 or 17.2.
Remember the 0-10 and 0-20 mg/| ranges are now, 0-5 and 0-10 my/. and all
mg/l readings must be divided by 2 for a final reading. When operating in this
manner accuracy will be degraded slightly.

Vi. Recorder Output

Red and black recorder jacks are provided on the YSI Modeis 54ARC and
S54ABP, il you wish to record data while measuring. The high terminal of the
recorder is connected to the red tip jack and the low terminal to the black. Qut-
put of the YSI B4A at (ull scale is between 114 to 136 mmV.

Use a 50K or highor ip~t impedance recorder and operate it with the ler-
minals ungrounded. Tho( Jrder should be oporoted with ils terminols un-
grounded. Calibration of the instrument should be checked aftes connaction of

AL oo a



Vill. Calibration Tables

f

(

Many rocordors havo an odjustabla full scalo sunsitivily fodture, Whan those
racordars are usod with the Modot 54A, uso the 100 nullivolt rangoe ond adjust
tho full scale chart defloction when theie is lull scale moter detluction. Rolor to
the instruction book for the recorder. For recorders without this feature, a simple
divider network as shown below can be constructed. This is adequalte to adjust
the signal for full scale chart and meter deflection on the 100 mV fixed range
recorders.

Figure 10

Table | shows the amount of oxygen in mg/l that is dissolved in air saturated
resh water at sea level (760 mmHg atmospheric pressure) as temperature

vaties from 0° to 45°C,

A4

Table | — Solubllity of Oxygen in Fresh Water

Temperature mg/I Dissolved  Temperature  mg/l Dissolved
°C Oxygen °C Oxygen
(4] 14.60 23 8.56
1 1419 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12.75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 N 7.41
9 11.55 32 7.28
10 11.27 33 7.16
1" 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 G.71
15 10.07 38 6.61
16 9.85 39 6.51
17 .06 40 UM
18 9.456 41 0.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 65.95

Source: Derived from 15th Edition “Standard Methods for the Examination of
Water and Wastewater.”

.

(. .

Table 1l — Correction for Atinospharic Pressuro

Tablo Il shows the correction faclore thot should Lu usod to corruct the colibro-
tion value for tho efiocts ol atmospharic prossure or slutude. Find true ot-
mospheric pressure in the leflt hand column and read across to the right hand
column to determine the correction factor. (Note that “true” atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to soa level.) If atmospheric pressure i1s unknown, the local
altitude may be substituted. Select the altitude in the center column and read
across to the right hand column for the correction factor.

Table It
Atmospheric Pressure Equivalent Altitude Correction

mmHyg Ft. Factor
775 540 1.02
760 Y] 1.00
745 542 .98
730 1094 96
714 1688 .94
il 2274 902
084 2864 .90
669 3400 Rill)
654 4082 .86
638 4756 .B4
623 5403 .82
608 6065 .80
593 6744 .78
578 7440 .76
562 8204 .74
547 8939 72
532 9694 .70
517 10472 .68
502 11273 .66

Souice: Derived from 15th Edition “Standard Materials for the Examination of
Water and Wastewater.”
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The temperature-solubility relationship of oxygen in sea water is not the same
as that in fresh water. For this reason the compensation error when used with
sea water is greater than when used with lresh water. For a3 £5°C span the error

1 could be +2.2% of reading and over the temperature range of -2° to +30°C the

error could be 6.3% of reading.

Tablo 11 — Solubility of Oxygoen in Sea Water

SOLUBILITY OF OXYGEN IN SEA WATER

(Chloride concentration 20,000 mg/1)

Temp. Solubility Temp. Solubility
°C mg/1 °C mg/1
) 11.41 16 7.91
. 1 11.11 17 7.78
2 10.83 18 7.61
3 10.56 19 7.47
4 10.30 20 7.33
" 5 10.05 21 7.20
6 9.82 22 7.07
7 9.59 23 6.95
8 9.37 24 6.83
9 9.16 25 6.7
: 10 8.96 26 6.60
" 11 8.77 27 6.49
. 12 0.68 28 6.38
. 13 8.41 29 6.28
14 B.24 30 0.10

o 15 8.07

Source: Derived from 15th Edition “"Standard Materials for the Examination of

Water and Wastewater.”

Correcting for Salinity

Whait mmeasuring dissolved oxygen in water samples withh a salinity or
chlorinily between sea water and {resh water, calibrate the instrument lor {resh
water and make your measurements. Then correct the data according to the
following formuly:

FORMULA:

A

Where: A
M

‘Co

‘Cs

St

So

*NOTE:

EXAMPLE:
DO

Temp
Solinity

M

Co

Cs

St

So

A

LI

woun n

nua

(Cs/Co {51 Su)l

S ——

M[1.0-{ [ )

Actual DO of sample. (mg/| dissolved Oa)

Measured DO with instrument

Chlorinity of ocean water {20 o/o0 Cl ion)

Chlorimty of sample (o/o0 Clion)

DO of saturated lresh water at 760 mm pressure and at
same lemperature as sample (mg/1 DO. oLtain data from
charts in instruction manual)

DO of saturated ocean water (20.000 mg/1 Chioride ion)
at 760 mm pressure and at same temperature as sample
(mg/1 DO, obtain dala from instruction manual)

If salinity is used instead of chlorinity the ratio Cs/Co
is computed using 36.11 o/00 for Co (salinity of
ocean water), and the salinity of your sampie of Cs.
Measured Datas

4.1

22°C

31 0/vo sshnity

4.1 mg/1 DO from date

30.11 o/vo sulunty lrom manual

31 0 v/vo suliily lrom duio

8.8 mg/1 DO from Table | in manual

7.1 mg/1 DO trom Table it in tmanual

(131.0/36.11) [88 - 7.1))

4a110- 8.8 )]
([.86] [1.7))

arhho- T 88 )
(1.46)

41(1.0- { 8.8)]
4.1[1.0- 0.166)
4.1{0.834)
3.41 mg/t

17
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DISCUSSION OF MEASUREMENT ERRORS

Thero are threo basic types of errors which can occur. Type | errors are related
to limitations of the instrument design and tolerances of the instrument com-
ponents. These are chiefly the meter jinearity and resistor tolerances. Type Il
errors are due to basic probe accuracy tolerances, chiefly background signal,
probe linearity, and variations in membrane temperature coelficient. Type Il1
errors ore related to the operator’s ability to determine the conditions at the time
of calibration. If calibration is parformed against more accurately known con-
ditions, Type |l errors are appropriately reduced.

Individual Sources of Error

This description of sources of arror can be used to attach a confidence to any
porticulor roading of dissolved oxygen. Tha particular example given is for 8 near
extrome sot ol conditions. As a gonaerality, ovorsll error is diminished whon the
probe and instrument are calibrated undor conditions of temperature and dis-
solved oxygen which closely match the sample temperature and dissolved ox-
ygen.

Type |

A — is the error due to meter linearity
Error = + 1% full scale of the measurement range.

B — is the error due to tolerances in the instrument when transferring a
reading from one range to another. Error = % 1% of the reading.

Type 11

A — errors due to probe background current
Meter Reading mg/|

Error = 1.0% (1 -( Calibration Value mg/|

) x Calib. Value. mg/!

B — errors due 1o probe non-linearity. Error = £ 0.3% of reading.
C — error caused by variability in the probe membrane temperature coef-
ficient.

Error = zaro il roadings are taken at tho calibration temperature
Error = X 1% of meter reading if readings are taken within 5°C of the
calibration temporaturae.

Error = 3% of motor roading for all othor conditions.

Type i1}

A — errors due to the accu acy of the instrument thermometer when used to
measure the exact probe temperature during calibration.

Error = £ 1,5% of reading.

errors due to the assumption of mean barometric pressure.

Daily variation is usually less than 1.7%.

Error = % 1.7% of reading.

errors assume an ability to estimate altitude to within 4+ 500 ft. when com-
puting the aititude correction factor.

Error = % 1.8% of reading.

errors consider the possibility of only 50% relative humidity when
cahbrating the probe. I the actual relative hunudity is 50% instcad ol
100" the arrors will be as lollows:

Culibration Temperature + C Error in percent of reading

0 {) 03
10 (-} 06
20 ' () 115
30 () 2.11
40 (-} 3.60

Exomple of o Typicnl Ervor Calculation

The example given presumes the ar calibistion technigue If cahbration is
done with o saturated watgr, the relative humidity consideration {(111-0) s
chounated H the Winkler cahbration method is used. Type |l afrors are deleted
and replaced by the uncertainty attributable to the overall Winkler determination.

Data: Instrument calibrated at 25°C. elevation estimated at 2000° + 500",
normal barometric pressure assumed. calibrated on 0-10 mg/1 range al
7.8 my/), readings taken on 0-20 mg/l range at 10.5 mg/1 a1 8°C.
Type Description Calculations Error mg/|
1A Llinearity = 01X10.5mg/l = .10
1B Range Change = 01X 10.5mg/l = 10
10.5
1A Probe Background = 01X\1- 7.8) 7.8my/t = .03
1B Probe Lincanty = .003 X 10.5 my/1 = .03
NC Temp. Compensation = 03X 10.56 mg/l = .31
WA Temp, Measuromont = 015X 10.5 mg/| = 16
1B Pressure = 017 X 10.5 mg/! = 18
IIC  Altitude = 18X 10.5 mgy/ = 19
D R.M, = 016X 10.5my/! - A7
Maximum Possible Error = 1.27 ing/)
Probablg Error = & .63 my/l

Cousidering a statistical treatment ol the prabable error at any time lor any
insteument, it s hkely that the actual arror in any moeasurement will be about
1/2 of the possiblo ertor. In tlus case the probable error is sbout £.5 mg/) out
of a reading of 10.5 my/l, or 4.8% ol the reading.

INSTRUMENT BATTERIES

Battery replacement or recharging on the YS! Model 54A is indicated if the
“red line” adjustment cannot be made or Oz calibration cannot be achieved.
{Waruing: a faulty probe will also not permit Oz calibration.)

To replace batteries remove the four screws holding the rear cover of the in-
strument. The four batteries will be found on tha battery terminal board inside.
CAUTION: disconnect battery cherger on YSI Model 54ARC belore removing

cover.
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Figure 11

Tha YS1 Model 64ARC contoins four 1.26V Ni-Cd battories (Burgoess CD6 or
aquivalent), (See Figure 11). These Latturios should be rocharged when the in-
strument can ho longer bo rod lined. Battary ltfe should Lo thige yoars o lunyer,
Decper discharge because ol longor intervols bLotwean rocharye- will result in
shorter battery life. The batteries should be recharged overnigliit, about 16 hours
with the instrument off or 20 hours with the YS| Model 54ARC turned on.

The YSI Model 54ABP contains four 1.5V catbon-zine (Panasonic UM-2N or
equivalent). The life of these batteries is 1000 hours. Replace batteries avery six
months to minimize danger ol corrosion due to dead or leaky batteries,

Battery holders are color coded. Positive (4 Lutton) ‘end of battery must go o '

red. (Seec Figure 11).

WARRANTY AND REPAIR

All YS!| products carry a one-year warranty on workmanship and parts exclu-
sive of batteries. Damage through accident, misuse. or tampering will be re-
paired at a nominal charge. if possible, when the item s returned to the factory
or to an authorized YSi dealer.

if you are experiencing difficulty with any YSI product. 11 may be returned lor
repair, even if the warranty has expired. YSI maintains complete facibties for
prompt servicing for alf YSI products.

YELLOW SPRINGS INSTRUMENT CO.. INC.
SERVICE DEPARTMENT

P.O. BOX 279

YELLOW SPRINGS. OHIO 45387, US.A

PHONE: 613-767-7241

s e






APPENDIX B-5

REDUCTION/OXIDATION POTENTIAL ANALYSIS
OF GROUNDWATER
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FIELD MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL

Method: Electrometric
Reference: Beckman Instruments, 1987
Sensitivity: 1 mv

Optimum Range: -999,.9 mV to +999.9 mV

Sample Handling: Determine on-site or within 4 hours

Reagents and Apparatus:

,.-

1. pH meter in absolute millivolt mode
2. Platinum combination electrodes
3. Beakers or plastic cups

4. pH buffer solutions, pH 4 and 7 saturated with a few crystals of
quinhydrone :

5. Deionfzed water in squirt bottle

6. Al) glassware soap and water washed, followed by two hot water rinses
and two delfonized water rinses.

Calibration:

1. Short the meter glass and reference inputs and adjust the STANDARDIZE
control until zero millivolts is displayed.

2. Place electrode in pH 4 buffer solution saturated with quinhydrone.
3. Record mV reading and compare to chart on Table 1.

4, Rinse electrode with deionized water and place in pH 7 buffer solution
saturated with quinhydrone.

5. Record mV reading and compare to chart on Table 1.
6. If mV readings do not agree within + 10 mV of the Table 1 values at

the given temperature, follow electrode maintenance procedures
described in the attached manual and recalibrate.
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1.
2.
3.

Procedure:

Calibrate meter using calibration procedure.
Pour the sample into a clean beaker or plastic cup.

Immerse electrode 1n solution allowing several minutes for meter to
stabilize. Make sure the white AgCl junction on side of electrode is
ifn the solution. The level of electrode solution must be
approximately one inch above sample to be measured. .

Rinse electrode with defonized water between samples. Recheck
calibration with pH 4 buffer solution saturated with quinhydrone after
every 5 samples.

Eh is temperature and pH dependent. Therefore, the temperature and pH
of samples should be measured at the same time as redox. For
refrigerated or cool samples, use refrigerated buffers to calibrate
meter.

Weak organic and inorganic salts and oil and grease are interferences
in Eh measurements. If oil and grease are visible, note on data
sheet. Clean electrode with soap and water, polish with scouring
powder and rinse with distilled water. Then recalibrate meter,

.Before going into the field:

a. Check batteries;

b. Do a quick calibration with quinhydrone saturated pH 7 buffer
solution to check electrode;

c. Prepare fresh quinhydrone saturated pH 4 and pH 7 solutions daily.

Following field measurements:

a. Report any problems;

b. Compare with previous data;

c. Clean all dirt off of meter and inside case;
d. Store electrode as follows:

1. Slide rubber sleeve into position over the filling hole.

2. Place cot over tip of electrode by threading platinum wire
through opening and sliding cot onto glass body until porous
plug 1s completely covered.

{wpmisc-800-43]
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Table 1
Redox Potential Calibration Chart

Quinhydrone Saturated pH 4 Solution
Temperature °C 20° 25°
Theoretical Value (mv) +268 mV +263 mV

Quinhydrone Saturated pH 7 Solutfon
Temperature °C 20¢ 25°
Theoretical Value (mV) +92 mV +86 mv

Instrument reading should be within £ 10 mV of Theoretical

[wpmisc-400-12]

30°
+258 mV

30°
+79 mV
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pH MEASUREMENT: DETAILED INSTRUCTIONS

METHODS: The pHd M T and 12 can measune pi irom 0 10 1598 They will periorm one- o two-
POINt A GAKIat0n UOMALCARy, USing Any butie! ksiad beiow, & any lempersture
between ~-$°C and 100°C. :

STANDARD pH BUFFERS RECOGNIZED BY THE pKI 10, 11, AND 12:
158 400 700, 1001, 1248

TWO-POINT STANDARDIZATION METHOD:

Fwo-point Sadardzaion, the praferred and more sccurtis method of pH or,
shoule be used when pH acturacy of beyond 201 pK is eGuirsd. Use buffers as ciose
© the sacss pH as potsidle; ons above, and one below. (For exampie, if sampile pH
about 8.5, ume 7.00 and 1001 pH dufiers).

ONE-POINT STANGARDZATION METHOD:

One-point sEandardzation, § somewhat faster procedure, s recommended only i (a),
sccuracy of £ 01 pH unlt is sccoprable, and (b}, sample pH i within 1.5 pH of that of the
Bufter used for standardization.

pH MEASUREMENT PROCEDURE: '
1 Connect slectrode(s) 1o appropriste Inpui(sy:
& ¥ a combination slectrods is used, connect i 10 the inpul marked “pH™.

& ¥ &n elactode par it used, connact the indicxting secode 1o the Input marked
“pH" and the relerancs slecirods 1o the input masxed “REF,

€ For befter accuracy, o when measuring andior standa fizing at & tsmpersture of
orer than 25°C, connect a Beckman 598115 Automan ¢ Temperature
Compensator probe 10 input marked "ATC™

2 Pnn@bammhﬁnmftmnm@bdouoiunﬂmmwx
Rirse slecirode(s) (and ATC #f used) with deionged walse Bic mxcess.
rorme3a elecirode(s) (and ATC # usad) in first standard. Stir briefty with slectroces ©

reracwe bubbles from slectods surfaces. Press . Dasplayed pH value will have »
resak.tion of 001. ¥ Q.1 resolvtion is desired, press .

& Prss(TF). Wnen [aD | stops flashing, deplay wil show [pH value locked,

®, b m
[} m.ws)(-hmmlmqmammwn:uum
© apropnsts mep, rding \o desired type of d.
a. B ONE-POINT sandardization is 1o De vsed, instrument is reacty for sample
measuemant; proceed 10 Slep .
5. B TWO-POINT stand. jon s desired, pr o Swp?.

7. barmet3e slectode(s) (and ATC i used) In second stancard. Siv brieflly with slecrocas
1 remove bubbles from slectrods surtaces. Press (7). When [ @ | siops flashng.
Gasiay will show [pH vaive kcked, @, P o, B m)

& Firme slectrode(s), (and ATC probe ¥ used) with deionized water. Bict excess.

9 wmense slectode(s) (and ATC ¥ vsed) in sample. Siir driefly with electrodes. Press
(=) When [a@D] stops Rashing, duplay will show [H value locked, @ }
Measuremaent s now complets. Repeat Steps 8 and 9, adove, kx addional samples.

W ¥ continvous pH monitoring is desired, presa (W) 1o tum off Auto Read function.

MEASURING mV AND RELATIVE mV (¢11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

‘ SPECIFICATIONS



pH MEASUREMENT: PRINCIPLES AND THEORY

The pH! 101112 p Meter is essentialy 2 Ngh-bnpedancs voltmeter with a microcomputer that
transiates volsge and tamparatun dots In10 pH wnla. Al 25°C, the Cadl pH slecirocs Tystem
Govelops -5§ mv per pH unk Mcrease. with 700 pH « O V.

Sandardization afiows the meler (o compensate for nonddasi electrode chanactenstics. One-
point sancardzation compensales Ky mMJivoZ offset two-poirt slandardizalion compensaias X both
Millivoll oliset andd SOpE Sevialion. See Gigram below.

ooV

b ¢ 177
pHT.0mV

8
g

- N

The pHI 10, 11, snd 12 may be standanfize? with say of five standard pM buffers: 1.68, 4.00, 7.00,
10.01, and 12.45. SLancarfzation May de acsr-glished vnxh any hvo buﬂors. usod n any. order (and at
anytemperature, M ATC s vsed). When [T ) s swssed, the y rCognizes the buffer

The relationship between pH and eleciroce w2308 changes with temperature. For precise pH
measurements or lempersiures not close 10 2 °C a Beckman $98115 ATC (Nmnuue Temperature
Compensator) probe shouid be uvsed. With ths probe, the & for the
amperatura chanpcieristics of the tufler, per=tung a sample 1o be musurtc al lny hmpomure even
¥ ditterent from the bufler mmperatures. Wath T, the instrument measures and displays temperstutes
trom ~§°C 1© WO*C.

i an ATC probe is nof used, the instrument Oefaults and displays 25°C.

The pH calculaion ls based on the Nems: equation:

2.3!1’

E=B-———logy

£ ia the 0l potential, in millivohs, developed the ing and refe ! ces. £, varies
with the choice of eleciroces, mperaiure, &K pressure; 23Rﬂnfn the Nemst tactor (R and F e
constants, 7 is the chargs on the ion, Indudirg 3G, T is the temperaiure in degrees Ketvin), and 3, 8
the activity of the ion 1 wiuch the sieclrode 8 responding.

For further nlormaion on principies anc! Peary of pH measurement, reler 1 The Beckman Mandbook
of Applied Electroche mistry (Beckuman Bulleen 7739).

MEASURING mV AND RELATIVE mV (11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES
ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS
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FOR ACCURATE mV MEASUREMENTS WITH THE ¢11 OR ¢12, THE
FOLLOWING ITEMS ARE RECOMMENDED:

pH indicating siecoce, Futun L
m% Futurs Il cabie we. ENC connecor.
1 NOTE. f combing.on ph elecode & used.
° C-@ OMil SADATR isrence slecirode
(lom 2. becw)

Metallic sloctroge woh 2 Awh pih CONNECION «

1a. Q_:)a pin-10-BNC adapaoe.

R e m——m— o T o —m oo

lor-Selective slecoce with ENC connector
(or US. standard scennecr « US. sandars-
10-BNC sdapion)

L

NOTE: Omit referencs siecirode § combinaton
pH slectroce & used.

E Retference stectreca. Futuns L
% Cable with 2 mes 2 connecix, Futura i1,

Standard sohstions! aapropria © the
3. application.

Clean beakar(s; or sGuivalent containeris),
4 100-250 mL. for cortarung sandarg
° . solution(s).

A Squin o S ining deionized of
5. OR m distilied water ¥ ansang slecroces.

Cloan towels, “Kmerpes™, o1, for blotiing
6. electroces.

‘7 SAMPLE The sampie 1 Ss measured.

For part numbers, see “Elscirodes. Bufiers, and Accessonies”
For mV measurament procecures. see next page.

MEASURING mV AND RELATIVE mV ($11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS

e mie s e mm. et i Pemsm e



v MEASUREMENT. CONDENSED INSTRUCTIONS
1. SETUP

® o~

“ % :;' i ",0
= SAMPLE

Ej STANDARD ~
Prepare standar? sohgion. Prepare sample. witer Kx gleCi/00e MNss.
® { A o~y |® <=
R A |

REF pH ATC

Turn on and clear
Connect slecirodies © instrument. instrument.

iI. mV MEASUREMENT, ABSOLUTE. FOR RELATIVE m¥ MEASUREMENT,
SEE IIl, BELOW.

® @ g1 swiomol @ Pasning. despiey
s 9 (=] L

imynerse slecuodels) in g 1582
Rinse slectrooels. standard or sample. Stir 25f< %
Bict excess HQ briafly. Press (=) L &

For RELATIVE mV Measurement,
Proceed with following steps:

1. mV MEASUREMENT, RELATIVE
Aher dD $10DS
G)-:\\ ® @l—‘@/ flashing. Gisplay
will read 0000 ¥
= N E.0 | e
- Immenss elcirodes in ? <
£andard solution 1o be £co0
Rinss Electrodes. vsed © estabish 2ero 2l &
Biot excess i/ poinL Stir briefly press (= Jnen (). Clin
Aher G stops
®z N ©® T ® b/ lur’mg display
/ will read mV rel>-
o Vo SAMPLE [B tive 0 the slanca=|
- ___RELeW
Rinse eleciraoes Immena electrodes in 0S5y '
Biot excess. sampie. S briefy. Press (=). 25 ¥
NOTE
INSTRUMENT WILL REMAIN IN RELATIVE mv MODE UNTIL
ETHER (), (%), OR ()18 PRESSED.

FOR MOSE DETAILED INSTRUCTIONS ON e MEASUREMENT, PROCEED TO NEXT PAGE.

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE

AND TROUBLESHOOTING



. mV MEASUREMENT: DETAILED INSTRUCTIONS
WV MEASUREMENT: TYMCAL USES

Somae uses of the nW mode sne monfloring ehemical rsactions, quantitying lona, and determining
the oxidizing-reducing potentiai (ORP} of § rven sample. Becauss such medsurements are usually
NOt $PCIfC 10r & PATICULAr 0N OF SDECHS. MHACNGY MUS! be iterpreied carsiully 1o obiain meamingtul
1esuns. The user shouic Nave &n undersanding of T reachion thal is 0CCUMNG, of is Geswsd, and of
&y 3aMpie COMpone s tha coukl poetally rarriere. For mone detlied NOrMELOn, refer 10 the Beckman
Handbook of Applied Electrochemusiry (Becioman Buletin T739).

The mV mode may 8iso be used wih fon-seiectve slectrodes. The relative MV mode can be used
In the standsnd sddition or standsnd sublecdon method of lon anatysis

STANDARD SOLUTION(S)

Maka up appropriats standand sohution(s] to provicis known vofiage(s], depending on the reterence
slectrode used snd the tempersiura. For ampia. COMMON SANCAITS Lsed in rdox medsursments
a0 pH £ and pH 7 duflers saturgted with Qunfydrone.

AV MEASUREMENT PROCEDURE

1. Connect slectrodies 1 approprialy rous:

& Connect Indicating stecirocs 10 ingxt markad "pH™. A Pin-1o-BNC Adaptor may be requiced as
mos! metalic electrodes have 3 pan CONNECIOL

B Connect raference slecoce o gt marvmd "REF™. .

2. Preas () tum on insirument, than press (£ 10 clear. Displey wi show [ Cit AUTO |

Rinse slectrodes with deonized wemt Bict excwss.

4 Immersa sleciroces in desired solton. Press {(or ). Displayed vaiue is absokre ., as indicated
by dplay of | N | When [ > | szops tasing. Tisplay wil 8how [ M reading locked, O |

[ 24

RELATIVE ¢ MEASUREMENT PROCEDURE
1. Periorm Sieps 1 through I of m¥ MEASUREMENT PROCEDURE, above.

2. Immenys elecirodes in sandard sohtion 10 Se used 10 estadlish the 2ero MV point. Press .
then . When | @ | stops Rashing. Cispiary will read | 0000 mV ). Nate that, in mv Y
pressing (T¥ j causes the inrrument 1 eszaticsh the 2er0 MY pownt at the vaius of the current
reading. If desured. tha step may be repeaac af ANy time 10 re~estadlish the ero mV point.

Rinse slecirodes with deonized weme Sict excess.

Immerse slectrodes in sample. Press (o ). Daplayed value is miatve W, as indicated by display
of [RELITV | when [ aD | stops Bashang. csplay will Show [sample relative IV value locked,
@ } Absolute mV mading of the Ea~card sohstion is automsticaly subtracted trom the absoiut
MV reading of the sampie, resuling i 2 relove MY reading for the sample.

& ¥ contnuous reacout of relatve mV s desirec, press () 1o tun off Auto Read function.

NOTE
VOLTAGE DIFFERENCE RETWEEN STANDARD
SOLUTION AND SAMPLE MUST NOT EXCEED 1000 mV.
MAXIMUM DISPLAY RANGE IN mv MODE IS 29999 mv.
NOTE
N ¥ MODE, THE S8871S AUTOMATIC TEMPERATURE
COMPENSATCR PROBE MAY BE USED FOR
TEMPERATURE MEASUREMENT AND DISPLAY, BUT

DOES NOT HAYE ANY TEMPERATURE-COMPENSATING
EFFECT.

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES
ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE .
AND TROUBLESHOOTING



o FOR ACCURATE CONCENTRATION MEASUREMENTS WITH THE &12,

THE FOLLOWING ITEMS ARE RECOMMENDED:

1 . = (__é? fon-Selective elezrame with BNC connector.

Ofl cm s ame e o o o o = " = = — e = - — -

1 a fon-Selective slecroce with US standang

. connecior ¢ US g2 Card-1o-BNC sdadicr.
Refarence slectroce. Futurs L.
Futura f cadle with 2 = pin connector.

2. NOTE: Depending on e appiicion, 8 saht-
bricge or coutie-juncuon electrocs may
be required.

. Two stancard sohuticrs of appropriate
concenirstion, seiecmd from the loiowing
['9:\ values: 100, 250, 808, 1000 250, 800, 1008,
. 2500, 500, and 1000 wnits. Concentration can
3 : Do sxpressed in ary Cesired units such as
. l J ppm, MM, moA. anc orgal.
Make up these soh2es per procedure or by
diluting 3 Rock sohsien 10 Suit your requiremant.
NOTE
CONCENTRATION UNITS FOR BOTH STANDARD
SOLUTIONS MUST BE THE SAME AS DESIRED FOR
SAMPLE READINGS.
. g L= 4 p— Sa——
Two clean beakers o equivalent comtainers,
4 % % approximaisty 300-220 mi, fr containing the
N two stancard solvbors. .
e, g 2 Squint botte or beaxe: containing deionized or
5. ' - distilied water for firsing sleciroces.
WU
[
Claan towels, “Xunwipes™", ¢, lor biotling
6. electroces.
7. : R The sampie 10 be Deasurec.

For pant numbers, see “Electroces, Bulfers. ang Accessories™
For concentration measurement procecure, see next page.

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TRNIIRI FRHNANTING
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CUNCENIRA WY N Cmc v im0 e om

The bflowing procedunt, Vizing two- DoV FBNCITIEON, Can Do used © MeEsWTe Concenramons of
ons in &imost Ay demred ynts.

STANDARD SOLUTIONS:

Standards can be made from any type of solstion, with concentrations selecied from the
foliowing values: 1.00, 2.50, $.00, 10.0Q, 25.8, $0.0, 100.0, 258.0, $00, and 1000 unita.

Unlts of concantration may be amy (hat thw taer fnds convenient. CONCENTRATION UNITS FOR
BOTH STANCARD SQLUTIONS MUSY BE TWE SAME AS DESIRED FOR SAMPLE READINGS.

Soms sxampies of Lnits are: par per milkon, percant, moles per Gtar, pars per billion,
milliequivalents per ket and ounces per Gallon.

Select two standard values as cioss s possDie to the anticipated sample vaiue, praferably

with one standart vaiue below and one Eacard value above the sampie. For exampie, ¥ sample sokacn
Is about 150 millimaias per er (M), mess ¢ sandards of 100 mM and 250 mM. If sample
concentraton varies wicely, lor exampis, betssen 10 moial and 75 mola), maxs up sancards of

10 molal and 100 motsl.

Sundards and samples shouid be &l the 528 WWMPSrRture 10 Svoid Iemperature-Cependent
varabons In readings.

NOTE

Slandard and sampis sokons may require lonic strength
adjusiment of insrierng ion removal. Consult slecirods
Instructions for detads. '

CORCENTRATION MEASUREMENT PROCEDURE:

1. Connect electroces 1 appropriate irpues
s Connect ior-selecive electrode © ngua marked "ISE™
b Connect reference slacirods D st snarked “REF™,

NOTE

B, in adartion 1o 2 ion-selective slecirode, & combinalion
pH ecirode o tonecd © the instrument AND is 1o be
Immersed in the sarme saistion, DO NOT use 3 separats
raterence sleciroce.

2. Press () tum on instrument, Tan press (T )10 clear. Display will show | Cx, AUTO )
Rinss slectrodes with celonized wae Kt excess
4. Immerse electrades in first $2ancar? sokton. Press , then press a8 many imes as neeced

¢ the concantration vaie of he feg 527ca-0 1o show on Lhe display. Yhen B pressec epealeCly,
the Cisplay steps through the foliowng vadues: 1.00, 2.50, 500, 10. 25 80, 100, 250 500, and 1000

conceniration units For sxampie. T e concentration of the slancard is 100 units, press seven
tmes and lr‘n display will show | KC | When [ @D ) stops flashing. Gisplay will show [ 100 ocxa<,
®, P m

Rinse slectrodes with Ceionized waee EXX pxcess,

6 lmmerses sisctroces in second staca solution. The firt and second stancasds must be Cifterent,
but can be measured in any orcex Press [TV Jas many imes as needed for the Gaplay 10 show the
concantralion value of the second Rancard, 8.9, 250 When [ b | stops flashing, display will show
[250kcued. @ . B oy

7. Rinse slecirodes with deonaed st Siot excess.

£ Immerse elecirodes in sample. Press (5], When [ D | st0ps flashing. display will show { samile
value lockad, O } Measuremed s ndw complete. Flepeat Steps 7 and & above, for additona!
sampies.

9 ¥ condnuous concenuation reazot i Gesired. press (M) o (urn of Auto Ruad function.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

S s am e



ST ELECTRODE CONNECTIONS

i 53
! <
. . “v
CONCENTRATION REFERENCE pM o =W TEMPERATURE
ELECTRODE ELECTROOE. €. ECTRODE.  SENSOR,
(SE). 2 mm PIN BNCIYPE PINSS8118
BNC-TYPE CONNECTOR CONMECTOR e e
CONNECTOR DO NOT USE IF O e e
e et COMBINATION
[] ELECTRODE IS
ALSO USED.

\{é

{012 ONTY)

STATUS
INDICATORS
£%0)

MAIN

OISPLAY

pH. MV,

CONC

TEMP

DISPLAY, AUTO

«< READ
INDICATORS

3 + [ .
DISPLAY FEATURES AND STATUS INDICATORS
DISPLAY

Mun  The larpe dighs show the following:
Owpiay 1. Readout of the measured variable: pH, MV, or concentrmon.
2. [Ci)is displayed, indicating that instrument is cleared, ween (¢ Jis prassed.
Error messagae:
[Er} indicates an vxcessive, polentially damaging. Fgas vokace, typecally caused by
statc slecuicity when the slectrods pair is At in sohtion. In this case. immaerse
slectrodes in soution, press (¢ ). and proceed wich ceasurement. If [Er] again
P e 8ppears, check COANECLONS and alecrodes for possidie open Cirtuit.
Ouptey  Tha small digis Saplay lemperaiure in *C. Wil read 25°C 1 KT mct plugged In.
[y ~]

AUTO  AUTO READ ON/OFF iIndlicator for AUTO READ ONOFF Key descrided subsequentty.

AUTO READ Status Indicator (eys symbol). Functions durg slancCarcization and when
x instrument 8 in AUTO moca Dwring standartization, the eye symdal stars Rashing
when @is pressed, anc locks on when the reading has sardere. Dunng sample measure-
ment in AUTO mode, the sye symbol sians fashing when 8 mnde kry is pressed, and locks on
when he reading has stabilized. The reading remans lockec urtl 3 moce key is pressed. 1 an
Interval of approximately 30 mirates elapses without 3 key beong Sressed, the instrument turng
off avtomancally to conserve the batiaries, but rerins all SLACATIRNON da'a in memory

STATUS INDICATORS
Indicates that ATC i plugged in. The insirument measures 3¢ Gaolays temperature within the
range of -5°C and 100°C. Display of [Er] indicates that the woperure sensed 3 ouisiCe the
faasurtement rangs, or the ATC is nonfunctonal.

indicates that ATC is not plugged in. The lemperature readng ceta.sls © 25°C

B -

" Incicates that instrument is in pH mode.
: Indicates tha! insirument i3 in MV mode.
$1) anc 412 only
.A“- Indicates tha! instrument is in relative mY mode.
e"" Indicates that instrument @ in concentration mode. 412 ondy

> 1 indicates tha! one standard has been used 1o standardize Kr e seiecied measurement moce
10 (pH or CONC).

» 1 Incicates that wo standarcs have besn used o stancardize kx the selecied measurement mode
$19  (pH or CONC).

” Indicales a questionable electrode ancior standardization.

E incicates thar batienes shouid be replaced.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



KEYPAD

ONOFF pH STANDARDRE CLEAR

o] [])LC

B AUTO
mV -_ CONC
.01 ®
MILLIVOLTS RESOLUTION AUTO READ CONCENTRATION
(11, 812, oy} (oK only) ON/OFF (12 onky)
] * [} .
KEYPAD FUNCTIONS

& [

Instrument ONOFF Key. Whan OFF, the instrumet retaing the standardization dais in meory.
Istnament shuts off automaticalty aher 30 minutes of nactivity § AUTO READ is ON. (See Seiow)

Clear Kry. Cloars insrument, resefung a8 s1an0ar0izalion 6313 10 Cafauh values, and mearmng
nstrument © AUTO Moce.

Auto Read Key. Turns Auto Read function ON ang OFF:
T When Auto Reac s ON:

8. The word [AUTO] aopears on the display.

B The instrument tesss the slecrrode signal for stadility During thas tess, | @D )
fashes ON and OF 7. Whan the signal has met the stadhity requirement (see
SPECIFICATIONS). | D ] mmains on continuousty, and the digita! ispis) locas
onto the reacing. No lurther measurements are mace until 3 key is pressec.

€ Afar 30 minutes without keypad input, the instryment turns off automazcally bt
ming all sandarcaation data.

2 When Auto Read s OFF:

a  [AUTO] cisaspears trom display.

B The insirument conunuousty measures and gisplays in the selecied mooe 2N,
my, or CONC.

€ After 110 2 hours without keypad input, the instrumant turns off automaecaly S
relains all sundarcizaton das.

pH Resohvtion Selection Key. Changes resolution of the displayed pH reading lrom 227 ©0 21
PH unat, or vice versa. Al the fowe/ resolution (0.1}, bme required lor the Autc Rsad o v 8
shorwe (See SPECIFICATIONS)

Seiec:s the pH messurement mode.

Seiects the mY mode (pHI 11, pRi 12), for measuremant of either atsoluts of relative
mlivons. See MEASURING mV AND RELATIVE mV.

Selects the concentration messurement mode (pH! 12). Used with specific ion slecTCes.

Standardize K%Sur\dudun nstrument. Depends upon mode.

& pH Moce: [3T0] Key causes the instrumens 10 automaixally identity the pH value o Te
bufier from any one of the loflowing: 1.68, 4.0Q 700, 1001, and 12.45.

B W Mods (PNI 11, pHI 12): [STO] Key causes the instrument 1o estadiish the 2ero-odlinct
bhrvel 3t the value of the Curtent reading. instrument is now in Relalve mY mode.

€ CONC Mode (pH 12): Repeaied prassing of [S]0] Xay causes the instrument 1 sep
Durough the following sequence of values: 100, 250, 500, 10 25 50, 100, 250, 53X, axe
W00 concentration units,



1. FUTURA H ELECTRODES
COMBINATION ELECTROOES:

Standard Probe Text-Nde
- . - $°xV2® 10"l 8 x$-4mm
Glass Body AQ/AQC, Refillable 2520 I %522
Glass Body Calome!, Refilabie 2527 38528 39525 39528 (7°)
Epary Boddy Calome!, Refiatie »KN - 989
Epary Bocty AGAGCL. Refitadie 3981 983 39838
Epcxy Body AGiAGCL Gel Fibed 39838 EHTLH L YL
Epcxy Body, Siv AG/AQC) Reflladie BLY
Glass Body, Star AQIASC) Refllabie Jes2e
Pl Buth, € poxy Body 39523
ELECTROOE PAIRS:
PH INDICATING ELECTROOES: METALLIC ELECTRODES.
0-14 pH, Spharical Bud 31 Siver Bidet 39281
0-11 pH, Doms Bulb (Duradle] 318 Platinum Inlsy 39773
REFERENCE ELECTRODES:
Cajomel Half Cel, Quarz Fider Junction W48
Calomel Half Celt, Cernmic Fril Aresion 39417
AAQC Hatt Coll, Ouwz Fiber Asnczion 29418
Calomel Halt Ceft, Sleeve Double Junction 39419
Calome! Hult Cell, Invertsd Sieeve Junction 3420
AQUGC! Halt Cal, lrverted Siseve Junclion 39421
2. FUTURA Il KEEPER CABLES
COMBINATION AND INDICATING REFERENCE ELECTRODE
ELECTRODE CABLES KEEPER CABLES
im, BNC Connector 557578 1m, 2mm Pin Connector 598582
2m, BNC Conneclor SU7S7% 2m, 2mm Pin Connecior 598983
6m, BNC Conneclor 547580 &m, 2mm "in Connector 598984
3. SALT BRIDGE: 563853
4. SUBMERSIBLE COMBINATION pH ELECTRODE WITH ATC: 39520
5. AUTOMATIC TEMPERATURE COMPENSATOR, 598115:
Permits tamperators measursment and display, and tamperaturs
compenszion of pH and o selective slecuroces, within range of -5°C o
100°C. Epcary bocty. For use with standard 5-mnch (13<m) slecirodes.
Inctudes 39° (1 meter) cable with miniature phone jack

6. ELECTRODE ADAPTORS:

Adapts Glass Electrode (GE) BNC wrminai on
pHl Serws pH Meters 1o sccommocate
elecrodes with US. Stancard Connectors.

$92362 Suanderd 10

BRC Adaptor Azapts Glass Electrods (GE) BNC tsrminal on
w pHI Series pH Metens 1o accommocate
slecuodes with PIN Connecion.
$92367 PIN to BNC Adaptor Typicalty s 10 connect metallc sleciroces.
7. BUFFERS ¢ Prck Powder
of Pinty 1 Gatlon § Gallons {Coloriess}
pH 4 Bulter (red) £82517 566001 582822 300%
pH 7 Butter (green) 5825 366003 582823 307
ph 10 Bufter (bive) 882525 566005 582824 3019
PH 12.48 3010
8. FILLING SOLUTIONS
Qescription Qusntity Part No.

Combination Elecirode Filling Sohstion or AG/AQC! Referance 4packof 100 ML 566467
Electroce Filling Solution (4M KCUAGCT saturaied: 10 be used betles

with AG/AQC! internals) .

Reference Elecirode Filling Sohtion (saturzted KCI 10 e used  4-pack of 100 mL 566488

with Caloms! internals) beries
Electrode Soaking Solution &packol 100 mL  SEESTS
bocies
Sah Brigge Solution, Containg Socium Nitrate and Sodum 4pach o 100 ML 566459
Acntate borles
Fiung Solution, 1M, KCI Saturazec weh AgCl 4-pack ol 100 ML 55894
{Stas-Series elecuoces only)
O. pHI START-UP KIT: Part No.
I5831 Electroce, Cable, Thermocompensato Sample
Bufters, Filling solution 123135
10. pHi STAND LAB ORGANIZER 123138
11. pHI DELUXE FIELD CASE 12328
12. pHI SOFT CASE 2nz

13. pHI MOUNT, WALL/SHELF BRACKET 599190
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Your $1C. 11, or 12 i@ powersd by two 18 voh Flwumn batienes. Expeced bacary Sty & over 1000 hours
of conunuous operation. Replacement baZenes can be abtaned by orcereg Put No. $45754 from your

E oca! Beckman office. (In U.S. cal 1-300-742.2245). e
: : ~ 45574
H Accaptadie replacsment baneries are Aiso 3vadabie on & worid-wice base
- '
Mt Pet Ne
j Electrocham industries 38540TC
Power Conversson Inc. TOs-41
i San Advanced Banery Div. LSe
c s Tadican TL-2100 ALS
1

Local supplisrs may be lound in your Lesephone direciory.

Nots that thess bansries ars 18 volt Ithium calts. Do Aot atemEn © mOACE them with 1.5 voll
alkaling or carbon-zine calis.

v
¥ insrument display indicates low banery volags <E)ulm‘swkmnhammcmi
tumad on, bafleries should be replaced:
1. Remove 2 Phillips screws and botom covet from instrument.
2 UN ot oid baneries.
3 Nots (« } and {-) markings in bantery compartment.
4. Check (+ ) and (~) markings on batienes and insert as shown

& Replace back cover and screws.

IMPORTANT: A “BREAK-N" PERIOD OF UP TO 30 MINUTES S REQUIRED WHEN
SOME NEW LITHIUM BATTERIES ARE FIRST PLACED INTO SERVICE. DURING THIS
PERIOD. THE LOW BATTERY SYMBOL AND SOME "GHCSTING ™ MAY APPEAR ON
THE DISPLAY. IF SO, LEAVE INSTRUMENT ON FOR 203X MINUTES AND THEN
PRESS (¢ ). THE LOW BATTERY SYMBOL AND “GHOSTING™ SHOULD DISAPPEAR

TROUBLESHOOTING PROCEDURE

1. Disconnect electiroce cabie(s) trom instument. Prm@b s o esrument. then press @b
ciear. Display should show (Cie, AUTD]. if not, replace batanes oer ELTEAY REPLACEMENT,
above. if mstrument is stfl inoperalive, call Service Mot Line: VB0-653-5217.

2. Insent one end ol 3 paper chig into the small hole in the center O e “pH™ input connecior Moid the
other end of the clip 10 the inse barrel of the 3amMme CONNECON a8 3 Own.

Paper Cip

ucio)
=

3 Prass (). then (TF). The display should lock at pH 7.0, indica=rg 8 one-pcint standardization

2 Hinsirument passes tesi. po  Step 4.
b M insirument fais tast, call Service Hot Line: +-800-662 8210
4. Reconnect pH eleczrode tabie 10 “pH™ input connecioc Shor: Tie TTant connecior of the cadle.

Paper Clip

Press [ Jand then (TF). Display shoutd lock al pH 700 Press (=) men remove papsr clip

Reading should drifL
3. It instrument passes test, go 1o Step 5
b i instrument Lails test, call Beckman Ek hernistry Applca
HI00-854-8067 Ovuice Calidornia
TM-84848 Within Cafifornia
& Reconnect pH e} Je(s). bm L de{s) In pM 4 bulier st periorm one-point
d on. Then i 1 {3) In pH 10 butter anc s pH reading. AL 25°C, the

reading shouid be between §.7 and 10.1 pX.
2. 1 the tast is passed. the pH meter, cabls, 8nd slectrode(s) 5 cioning property.
- ———e T

he clamrmrde reivenation
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IXSTIOAMENT Pl W pHI 11 pHl 12
BEOOMAN
PART MO, 12312 123123 12N
pH MEASUREMENT
Range 010 1599 pH 010 1599 pH 0% 1599 pH
Resohsion [T N8} oo, a1 Q01 Q1 pH unit
(Seleczatie) pH unit PH unlt
Relz>ve Acturacy 2001 pH 200 pH 2001 pH
A Resc Mode Q1 pH Resolution: Display locks aher reacing is stabie withun 10 mw
for 4 seconds.
001 pH Resolution: Display locks after reading is stable within 05 rw
for 8 seconds.
By Recopnized Dy Insrument: 184 4.00 700 1001, 12.45 pH.
MUY
MEASUREMENT
Range - -9909 10 + 9999 mV ~9935 1 + P =i
Reschaion - A(H!N Ql aw
Accurcy - 202 MV 20020 of 202V £002%W &
reading. relative mv J readng. relative nw
Auto Rasc Mode - Display locks afer readiy, is stadie within 0.5 mw
for § seconds.
CONCENTRATION
MEASREMENT
L — ] - -— 201 W
r
Auto Fuad Mode - - Display locks aRer
reading is stadie
within 0.25 mV for
° 8 seconds.
Ussade Standard - - Two values, In any
Values Gesired U, selecRc
trom the foflowing™
10255002
80, 10Q. 250, $0Q,
and 1000
-y - . . . . e -

TEMPERATURE MEASUREMENT (ALL MODELS)
Range -$°C w 100°C

Resosion: Q1°C

Acaurcy fwith Beckman 598115 Probe): £ 05°C

MISCELLANEOUS {(ALL MODELS)
Inpz Cannections:
L BNC input bor pH, MV, snd concentration.
2 & pin connector for reference slecirode.
3 Miniatare phone jack tor Bechman 598115 Automatic Temperature Compensator.

Operxcng Temperature: 15°C 10 40°C. ambient, non-condensing.
Powe Source: Two lthwum cells, 36 vohs each, AA Size.

Erer neicxzions:
1. Fout overvollage {(af modes)
2 Temperature compensation non-lunctional
3 Low Batieries
4. Qoesionadie electrodesstandardization.

Sqe: L2 inches x 38 inches x 13 inches.




E-11
Platinum Combination Electrode

Catalog No. 13-639-82

The Fisher platinum combination electrode combines a
sitveri/silver chionde reference eiement and a platinum-wire
indicating element in a single probe. This “dual element”
configuration eliminates the need for two separate
electrodes and is especially appécable to measurements in
narrow-neck flasks and other resincted-entry receptacies.

The platinum combination electrode is recommended for
use with automatic titrators anc similar electroanalytical

wipment. The ciose physical proximity of the porous-plug

Ldid junction to the platinum-wire indicator section results
in reduced resistance between these elements and
produces a rapid dynamic response for both redox
measurements and potentiomeinc titrations. Additionally,
the electrode is ideally suited for any application that
involves the measurement of axidztion-reduction poten-
tials or requires the use of a “noble metal” sensor.

The electrode measures 5 inches with a 30-inch lead, and
functions over a —5° to 110°C temperature range. The
filling solution is 4M KCI saturated with AgCi (Fisher No.
So-P-135), and flow rate at the ancon is less than 8 ul per
hour at an 8 cm head. Reference output is 44 = ImV vs.
S.C.E., while junction resisiance is less than 10K ohms.

INSTALLATION

Place the platinum combination electrode into service as

follows:

1. Remove cap from supplied Slling-solution bottle, and
screw on dispenser spout. .

2. Lower rubber sleeve on elecsode body untii filling hole is
exposed, and fill reference cavity with electrolyte until
meniscus reaches a level azcroxmately Y-inch below
filing hole.

NOTE: Always use 4M KCl solution saturated with AgCl

(Fisher No. So-P-135} as the efectrolyte. NEVER USE

SATURATED KC! FILLING SOLUTION.

3. Place electrode upright in empty beaker to permit filling
solution to wet and flow through porous plug, as
evidenced by formation of KCI crystals on outer surface
of plug.

NOTE: If no flow is observed within 30 minutes, or if

response js unsatisfactory curing an analysis, soak

electrode in dilute KCI (0.1M) for several hours, and
then perform the following procedure:

a. Hold efectrode (cap up) at a 45° angle between thumb
and forefinger on left hand. so that filling hole faces out
and is directly opposite base of thumb.

b. Insent dispensing spout into fifling hole.

€. Make sure that electrode ts supported by base of
thumb, then firmly press spout into fitiing hole to make
an airtight seal.

NOTE.: Normally, spout bip will not touch internal
element; while applying pressure, however, care
should be exercised to prevent contact. If necessary,
cut off a portion of the tp.

d. While maintaining seal, sgueeze filling bottle firmly so

that electrode becomes pressurized.
NOTE: A bead o! liquid should form at liquid junction
in about 30 seconds: i same cases, however, it may
be necessary to mainzain pressure for several
minutes. If flow cannot be established, reler to
REJUVENATION sechon.

4. Mount electrode on suitasie hoider and connect jacks to

pH meter.

OPERATION

For optimumoperation with the platinum combination

electrode, observe the following general procedures:

1. Rubber sleeve should aways be lowered on electrode
body to expose filling hole and permit proper electrotyte
leakage.

2. Level of electrolyte mus: always be maintained above
surface of sample solution to avoid backflow of sample
into electrolyte. Refill re‘erence cavity as required.

3. After removing electrode froem one solution and before
immersing in another, the outer surface should be rinsed
with distilled water.

STORAGE

Whe.: not in use, store the platinum combination electrode

as follows:

1. Slide rubber sleeve intc position over the filling hole.

2. Place supplied cot over tip of electrode by threading
platinum wire through opening and sliding cot onto glass
body until porous plug & completely covered.

REJUVENATION

Rejuvenation of the platinum combination electrode may
only require a simple cleaning. Occasionally, a more
thorough cleaning is requred. or the porous-plug junction
may have to be unblockec. Each is covered separately
below.

Simple Cleaning

A simple cleaning of the execode is done as lollows:

1. Wash electrode surface with: a good detergent.
NOTE: RBS-25 detergent (Fisher No. So-C-181) is
recommended. -

2. Polish platinum wire with scouring powder.

3. Rinse electrode thoroughly with distilled water.

Thorough Cleaning

For a more thorough cleaning. perform the following:

1. Connect tip of large cabie pkug to negative terminal of a
22V dry cell, then immerse tip of elecirode in a 1IN
solution of hydrochlorc acid.

2. Similarly connect a platnum or graphite electrode to
positive terminal of dry celt and immerse tip of electrode
in same solution.

NOTE: Hydrogen will evolve rapidly, and the metallic
electrode will be cleaned by electrolysis in 5to 10
seconds.

3. After cleaning, disconnect both electrodes and rinse

Instrument Manufacturing DivisionFisher Scientific Company &f
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each with distilled water.

Unblocking the Junction
If the liquid junction should become partially blocked.
perform the following: -
1. Inspect reference cavity for crystallization.
2 !t crystais are evident, proceed as foliows:
a. Remove filling solution by shaking it out through filing
hole.
b. Rinse cavity repeatedly with distilled water until ak
crystais are disolved.
¢. Refill cavity with fresh 4M KCI solution saturated with
AgCl (Fisher No. So-P-135).
CAUTION: Never use saturated KC! as the electo-
Iyte.
d. Repeat all of step 3 under INSTALLATION.
3. If difficulty persists, perform the foliowing in sequence
depending upon the severity of the biockage:
a. Soak electrode overnight in dilute KC! (Q.1M).
b. Boil junction in dilute KCl for 5 to 10 minutes.
¢. Carefully sand or file the porous plug junction.

Electrode Instructions E-11
Revised and Published 4-78
Fifth Issue (8-0316-08)
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APPENDIX C
MODIFICATION TO APPENDIX F OF ORIGINAL QAPP



QAPP Addendum

Phase II Remedial Investigation Revision: Final
American Chemical Services Site Date: 12/29/89
Appen -W ngin. I r
P I n-CLPP

This appendix should be ammended to include protocols and criteria contained in
Appendix C of this QAPP Addendum.
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QAPP Addendum : '
Phase IT Remedial Investigation Revision: Final

American Chemical Services Site Date: 12/29/89
APPENDIX C QAPP ADDENDUM

ANALYTICAL METHODS USED BY WARZYN
FOR THE AMERICAN CHEMICAL SERVICES RI/FS

The following are standard operating procedures for analyses to be performed by Warzyn
on samples from The American Chemical Services Site. Methods list detection limits and
numbers of quality control (QC) samples to be performed, but do not specify performance
standards. The following table lists frequency and performance standards for QC samples.
Quality control criteria will follow EPA SOW 7/88 as written. When ai analyte
concentration exceeds the calibrated range, re-analysis of the prepared saniple after
appropriate dilution is required. Methods for metals include flame and furnace SOPs for
certain parameters. The appropriate method will be used to achieve desired detection
limits. Arsenic and selenium will be performed by furnace techniques.

A standard at twice the detection limit (DL) will be analyzed for sulfate, chloride and
alkalinity. The standards will not be used for instrument calibration, but will be used as a

‘quality control sample to verify the DL. The DL standard will be analyzed at the beginning

of each run.
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Page 1

Metals-all matrices Lab blank 1 per sample set <detection limit
(except Hg)
Metals, Mercury,
Cyanide o
SOW Criteria
7/88
Chloride Lab blank 1per 10 <1mg/l
Check standard 1 per 10 samples 90-110% recovery
and end of run
Duplicate 1 per 10 samples <20% RPD or <1 mg/L
Matrix spike 1 per 10 samples 85-115% recovery
EPA QC Reference 1 perset 95% confidence
Standard inteival
Total Alkalinity Lab Blank 1 per 10 <5mg/L
Check standard 1 per 10 samples 90-110% recovery
and end of run
Duplicate 1 per 10 samples <20% RPD or <5 mg/L
Matrix spike 1 per 10 samples 85-115% recovery
EPA QC Reference 1 per set 95% confidence
STD interval
COD
Lab blank 1per 10 <20 mg/L
Duplicate 1 per 10 samples <20% RPD or <20 mg/L
Calibration 1 per 10 samples 90-110% recovery
check STD and end of run
Matrix spike 1 per 10 samples 85-115% recovery
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NH;3-N

NO3+NO2-N

Total Cyanide

EPA QC Reference
STD

Lab blank
Duplicate

Calibration
check STD

Matrix spike
EPA QC Reference
STD

Lab blank
Check standard

Duplicate

Matrix spike

EPA QC Reference
Standard

Lab Blank

Check standard

Duplicate

Matrix spike

EPA QC Reference
STD

Lab blank
Duplicate

Calibration

check STD
Matrix spike

EPA QC Reference
STD

1 per set

1per 10
1 per 10 samples

1 per 10 samples
anpdCend of n?n

1 per 10 samples

1 per set

1per10

1 per 10 samples
anpdeend of n?n

1 per 10 samples
1 per 10 samples
1 per set

1per10

1 per 10 samples
anpcfend of n?n

1 per 10 samples
1 per 10 samples
1 per set

1 per 10
1per 10

1 per 10 and
ex?; of set

1 per 10

1 per set

Page 2

95% confidence

interval

<0.10 mg/L
<20% RPD or <0.10 mg/L
90-110% recovery

85-115% recovery
95% confidence
interval

<0.02 mg/1
90-110% recovery

<20% RPD or <0.02 mg/L
85-115% recovery

95% confidence
interval

<5mg/L
90-110% recovery

<20% RPD or <5 mg/L
85-115% recovery

95% confidence
interval

< 0.01 mg/L
20% RPD or <0.01 mg/L
85-115% recovery

85-115% recovery

95% confidence
interval
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TOC

TSS

Grain size
Atterburg Limits
Permeability

Cation Exchange
Capacity

*Frequencies apply to each matrix individually.

Lab blank
Duplicate

Calibration
check STD

Matrix spike

EPA QC Reference
STD

Lab blank
Duplicate

EPA QC Reference
STD

Lab blank
Duplicate

EPA QC Reference
STD

Lab Duplicate
Lab Duplicate
Field Duplicate
Lab Duplicate

1 per 10
1 per 10

1 per 10 and
end of set

1per10

1 per set

1per 10
1 per 10 samples
1 per set

1per 10
1per 10

1 per set

1per 10
1per 10
1 per 10
1per 10

Page 3

< 1.0 mg/L

20% RPD or <1.0 mg/L

85-115% recovery
85-115% recovery

95% confidence
interval

<20 mg/L

20% RPD or <20 mg/L

95% confidence
interval

<2mg/L

20% RPD or <2 mg/L

95% confidence
interval

o’/

20% RPD or <2% by weight
20% RPD or <2% by weight

50% RPD
15% RPD

~



ALKALINITY - AUTOANALYZER
Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

Reference: EPA 1983, Method 310.2
Lachat Instruments 1986, Method 10-303-31-1-C

Sample Handling: Refrigerate at 43C and analyze within 14 days of collection.
Detection Limit: 5.0 mg/L as CaCO3
Optimum Concentration Range: 5.0 - 500 mg/L

Instrument Conditions:

Pum? speed: 35

Cycle period: 60 seconds

Load period: 30 seconds

Inject period: 15 seconds

Inject to start of peak period: 10 seconds
Inject to end of peak period: 56 seconds
Gain: 150 x 10

Zero: 180

Interference filter: 410 nm

Sample loop: 90 cm

Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/L.

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)
1. Degassed Milli-Q water - 2 options: |

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in
cubitainer.

—_O WO WA

[y

b. Bubble helium, using the fritted gas dispersion tube, through tte
Mil1i-Q water (15 min/20 L.) Store in cubitainer.

2. Stock alkalinity standard (1000 mg/L as ggsgg31: Inal liter
volumetric flask, dissolve 1.060 g of anhydrous primary standard grade

sodium carbonate (NapCO3-dried at 1403C for 4 hours) in approximately
900 mL of helium purged Milli-Q water, and dilute to mark.

[ INORGSOP]
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3. Standards: (Prepare fresh every 2 months). Dilute to volume using
degassed MQ water. Refrigerate.

Concentration Letter Volume of Dilute

of Standard Identifier Alk. Stock to
0 mg/L A 0 200 mL
20.0 mg/L B 4.0 200 mL
50.0 mg/L c 10.0 200 mL
100 mg/L D 50.0 500 mL
250 mg/L E 125.0 500 mL
500 mg/L F 100.0 200 mL
NOTE: Final volumes are not the same!
Computer refers to standards by letter.

4. Sodium hydroxide (0.1M): In a 1 liter flask, dissolve 4.0 g sodium
hydroxide (NaOH) and dilute to the mark with Mil1i-Q water.

5. Hydrochloric acid (O.IMl: In a 1 liter flask, dilute 8.3 mL of
concentrated HCL in Milli-Q water and dilute to the mark.

6. KHP buffer (25.0 mM, pH 3.1): In a 1 liter flask, dissolve 5.10 g of
Rotassium acid phthalate (KHP) (KHC H304z in apgroximate]y 500 mL of

elium purged Milli-Q water. Add 87.6 mL of 0.]M HCL and dilute to the
mark. Adjust the pH of the buffer to 3.1 with 0.1M HCL or 0.1M NaOH.
Vacuum filter through a 0.45 micron membrane filter before each use.
STORE IN GLASS AND PREPARE MONTHLY! :

7. Methyl orange reagent: 1In a ] liter volumetric flask, dissolve 0.125 g
of methyl orange inaicator in about 700 mL of Mill1i-Q water and dilute
to the mark. Mix well and vacuum filter through a 0.45 micron membrane
filter before each use. Store in amber glass! .NOTE: Amount of methy)
orange may be adjusted for variances in lots of methyl orange.

Notes

1. Samples must be diluted to obtain concentrations within the optimum
working range.

2. The gain and zero settings are guidelines and must be adjusted each day
to optimize.

3. The alkalinity standards can be combined with chloride and sulfate
standards for use with the 3 channel method.

4. Turbidity will interfere. Samples must be filtered prior to analysis.
(Use Whatman #1 or #4.)

5. Color will interfere, dilute the sample and also spike the dilution to
confirm the quality of the result.

[ INORGSOP]

ALKAAC1-2



System Operation:

A.

D.
E.

Refer to "Auto Analyzer Operation start-up procedure."”
(I0P# LAA-Section A).

Analyze an initial calibration standard, a blank, and a known reference
standard at the beginning of each run. The blank must be below the
detection 1imit and the standards must be within required control
limits before any samples are analyzed. :

Spike samples by mixing sample with an equal volume of 250 mg/L.
standard (E), for a final spike level of 125 mg/L.

The calibration check standard is 100 mg/L (D).
Refer to "Auto Analyzer shut-down procedure". (IOP# LAA-Section B).

Quality Control:

1.

Establish a standard curve with the standards listed above. The
de{ived concentration of each calibration must be + 10% of the true
value.

A quality control calibration standard of 100 mg/L and a calibration
blank are to be analyzed, at a minimum, after every 10 samples. If
less than 10 samples are analyzed, a calibration standard and blank are
still required. The last samEles analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicates are to be within acceptable ranges or data
must be flagged appropriately.

Calculation:

1.

Calculate with Lachat QuikChem software, in the concentration mode,
using the IBM XT computer. See LAAC SOP for further detail.

[ INORGSOP]
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CHLORIDE - AUTOANALYZER
Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

Reference: EPA 1983, Method 325.2
Lachat Instruments 1986, Method 10-117-07-1-B

Sample Handling: Refrigerate at 43C and analyze within 28 days of collection.
Detection Limit: 1.0 mg/L.

Optimum Concentration Range: 1.0 - 100 mg/L
Instrument Conditions:

1. Pum? speed: 35

2. Cycle speed: 30 seconds

3. Load period: 15 seconds

4. Inject period: 15 seconds

5. Inject to start of peak period: 8 seconds
6. Inject to end of peak period: 31 seconds
7. Gain: 200

8. Zero: 250

9. Interference filter: 480 nm

10. Sample loop: 20 cm

11. Standards for curve set-up: 0, 10.0, 20.0, 50.0, 80.0, and 100 mg/L C1.

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in
cubitainer,

b. Bubble heljum, using the fritted gas dispersion tube, through the
Milli-Q water (15 min/20 L.) Store in cubitainer.

2. Stock chloride standard (1090 mg/L): In a 1 liter volumetric flask,
dissolve 1.648 g of primary %rade sodium chloride (NaCl), previously
dried at 1033C, in 500 mL D.I. water. Dilute to the mark and invert to
mix. Refrigerate.

[ INORGSOP]
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3. Standards: (Prepare fresh every 2 months). Dilute volume using D.I.
water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier Chloride Stock (ml) to
0 mg/L A 0 200 mL
10.0 mg/L B 2.0 200 mL
20.0 mg/L o 4.0 200 mL
50.0 mg/L D 25.0 500 mL
80.0 mg/L E 40.0 500 mL
100 mg/L F 20.0 200 mL

NOTE: Computer refers to standards by letter.
Final volumes are not the same!

4. Sodium mercuric thiocyanate reagent: In a 1 liter volumetric flask,
dissolve 4.17 g of mercuric thiocyanate (Hg{SCN)z) in one liter of

methanol. Invert to mix. Store in amber glass. Refrigerate.

CAUTION: Mercury is a very toxic metal. WEAR GLOVES!

5. Stock ferric nitrate reagent (0.5M): In a 1 liter volumetric flask,

dissolve 202.0 g of ferric nitrate (Fe(NO3)3) - 9H20 in approximately
800 mL of deionized water. Add 25 mL of concentrated nitric acid and
dilute to one liter. Invert to mix. Refrigerate.

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate
solution with 150 mL of stock ferric nitrate reagent and dilute to
1000 mL with deionized water. Vacuum filter through a 0.45 micron
membrane filter. Store at room temperature. Do Not Refriqerate.

1. Samples must be diluted to obtain concentrations within the optimum
working range.

2. The gain and zero settings are guidelines and must be adjusted each day
to optimize.

3. The chloride standards may be combined with alkalinity and sulfate
standards for use with the 3 channel method.

4. Any sample with turbidity must be filtered prior to analysis. (Use
Khatman #1 or #4.) Record on data sheet.

5. Color is an interference, dilute the sample and also spike this sample
to confirm the quality of the result.

( INORGSOP]
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System Operation:

A.

D.
E.

Refer to "Auto Analyzer Operation start-up procedure."®
(10P# LAA-Section A).

Analyze an initial calibration check standard, a blank, and a reference
standard at the beginning of each run. The biank must’be below the IDL
and the standards within control limits.

To spike samples, mix equal volumes of sample and 80 mg/L C1 standard
for a final spike level of 40 mg/L Cl.

The calibration check standard is 50 mg/L (D).
Refer to "Auto Analyzer shut-down procedure". (I0P# LAA-Section B).

Quality Control:

1. Establish a standard curve with the standards listed above. Note that
the calibration curve is calculated in a "piece-wise" fashion and is
not linear. Be sure that calibration points describe a smooth curve.

2. A quality control calibration standard of 50.0 mg/L and a blank are to
be analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and sgike are still required. Spike
recoveries and duplicates are to be within acceptable ranges or data
must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode,

using the IBM XT computer. See LAA SOP for further detail.
[ INORGSOP]
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CHEMICAL OXYGEN DEMAND

Scope and Application: This method is applicable to surface water, sewage,
wastewater, and groundwater.

Method: Dichromate reflux, Colorimetric
Reference: EPA 1983, Method 410.4
Detection Limit: 20 mg/L

Optimum Range: 20-700 mg/L

Sample Handling: Preserve with sulfuric acid to a pH <2 and refrigerate at
43C. Analyze within 28 days.

Reagents and Apparatus:

1. Dichromate - mercuric sulfate-sulfuric acid digestion solution
2. Silver sulfate-sulfuric acid catalyst solution
3. COD standard solutions

4. Block digestor, set at 1503C
5. 16 x 100. mm culture tubes with teflon lined screw caps
6. Eppendorf macropipetter, 0-5 mL
7. Spectrophotometer, set at 600 nm wavelength with sipper cell
8. Epﬁendorf microliter pipetter, 10-100 ul
9. 2 Repipette Dispensers, 1000 mL
10. De-ionized water

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Digestion Solution: Add 10.2 g of dried potassium
dichromate éKﬁCr607), 33.3 g of mercuric sulfate (HgSO4) and 167 mL of
concentrated HpS04 to about 500 mL of DI water; dilute to 1000 mL in a
volumetric flask and stir until dissolved. Store in a dark place.

2. Silver Sulfate-Sulfuric Acid Catalyst Solution: Add 22.0 g of silver
sulfate (AgpSO4) to a 2.5L bottle of conc. HpSO4. Stir to dissolve.

3. COD Stock Standard, 1000 mg/L: Carefully wei?h 0.8500g of dried
potassium acid phthalate sKHP), dissolve in DI water and dilute to

1 Titer in a volumetric flask. Preserve the stock solution with HpS04
(2 mL conc. HpSO4 / L of solution). Refrigerate.

4. Morking COD Standards: (Prepare fresh monthly and refrigerate. All
Ygakif? standards should be preserved with HzS04, 0.2 mL conc. HpS04 in
mL).

A. 700 mg/L Standard: To a 100 mL volumetric flask, add 70 mL of
1000 mg/L Stock Standard and dilute to the mark with DI water.

B. 300 mg/L COD Standard: To a 100 mL volumetric flask, add 30 mL of
1000 mL Stock Standard and dilute to the mark with DI water.

[ INORGSOP]
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Notes:

C. 100 mg/L COD Standard: To a 100 mL volumetric flask, add 10 mL of
1000 mg/L COD Stock Standard and dilute to the mark with DI water.

D. 50 mg/L COD Standard: To a 100 mL volumetric flask, add 5 mL of
1000 mg/L COD Stock Standard and dilute to the mark with DI water.

E. 20 mg/L COD Standard: To a 100 mL volumetric flask, add 2 mL of

1000 mg/L COD Intermediate Standard and dilute to the mark with DI water.

If a dark green or turquoise color occurs when sample is added or when
the tube is being heated; the sample is over the upper limit of the
curve and must be diluted and redigested.

Interference: Chlorides represent a positive interference. Mercuric
sulfate is added to the digestion tubes to complex the chloride.
Mercuric sulfate can complex up to 2,000 mg/L chloride before reacting
with dichromate in the sample. If chloride exceeds 2,000 mg/L, dilute
the sample.

Reagents are corrosive and toxic. Avoid skin contact.

Store standards in the refrigerator.

Store the dichromate solution and prepared tubes in the dark.

Procedure:

1.

A1l glassware is to be soap and water washed, tap rinsed and DI water
rinsed prior to analysis. Rinse digestion tubes and caps with DI water
prior to use. Caps deteriorate over time. Discard caps after 3 uses.

Into each tube, pipet exactly 1.5 mL of COD digestion solution, using
repipetter dispenser.

Using the repipettor dis?enser, pipet down the side into each tube
exactly 3.5 mL of the silver sulfate-sulfuric acid solution. Avoid any
mixing with the digestion solution. These tubes may be stored, with
caps having teflon liners, indefinitely. Store in the darkl

Prepare a standard curve consisting of the following standards: 0, 20,
50, 100, 300, and 700 mg/L COD.

The standards are carried through the digestion step.

Analyze an initial calibration standard, a blank, and a reference
standard at the beginning of each run.

[ INORGSOP]
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Using the Oxford 0-5 mL_pipet, add 2.5 mL of sample, standard, or blank

to the tube. Be careful to avoid air bubbles in the pipet tip and to

:ject all of the sample. Cap tubes tightly and mix by inverting 10-12
imes.

Jo Spike: In a disposable cup, Blace 2.5 mL sample, add 2.5 mL of the
300 mg/L standard. Mix well. Use 2.5 mL of this mixture for the
spiked sample analysis.

Place tubes in a block heater at 1503C for 2 hours.? Block heater
should be preheated at least 1 hour prior to use.

Remove tubes from block heater. Cool to room temperature. Read the
absorbance on spectrophotometer, set at 600 nm, using the sipper cell.
Samples can be stored in refrigerator overnight and read the next day.
Do not shake tubes. Be very careful not to as?irate any of the
prec;pigate in the bottom of the tube. Initially zero with the blank
standard.

Quality Control:

1.

2.

Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuing
(check wavelength, spectrophotometer bulb, solution, etc.)

A quality control calibration standard of 100 mg/L COD and a blank are
to be analyzed,. initially and after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10

samples are analyzed, a duplicate and spike are still required. Spike

recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.

Calculation:

1.

Calculate using linear regression.

To Calculate Spike:

(2) (spike value) - (sample value) x 100
300

% Recovery =

[ INORGSOP]
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CYANIDE, TOTAL - DISTILLATION

Scope and Application: This method is applicable to the determination of
cyanide in drinking water, surface water, ground-
water, sludges, soils and industrial wastes.

Methods: Distillation, Automated Colorimetric

Reference: EPA 1983, Method 335.2

SW-846, Method 9010
Standard Methods, 16th Edition, Method 412
Detection Limit: 0.005 mg/L

Optimum Range: 0.005 - 0.40 mg/L

Sample Handling: Preserve with sodium hydroxide to pH >12 and refrigerate
at 43C. Analyze samples within 14 days.

Reagents and Apparatus:

1. Cyanide reflux distillation apparatus
2. 25 mL and 50 mL graduated cylinders
3. Vacuum pump

4. Heating mantle

5. 250 mL volumetric flasks

6. Sodium hydroxide

7. Sulfuric acid, concentrated

8. Magnesium chloride

9. Deionized water

0. Bismuth nitrate

1. Sulfamic acid

2. Acetic acid, concentrated

3. Sodium thiosulfate, crystals

Sl Gl it P

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Sodium Hydroxide (1.25N):

Dissolve 50.0 g NaOH in D.I. water and dilute to 1 liter in a
volumetric flask. Store in a plastic bottle.

2. Magnesium Chloride Solution:

Dissolve 510.0 g MgClp-6H20 in D.I. water and dilute to 1 liter.
Store in a plastic bottle.

3. Stock Cyanide Solution (1000 mg/L):

Dissolve 0.6275 g KCN and 0.5 g KOH and dilute to 250 mls with D.I.
water in a volumetric flask. Prepare fresh every month. CAUTION:
TOXIC! Refrigerate.

[ INORGSOP]
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Standard Cyanide Sotution (5 mg/L):

Pipet 5 mL of stock cyanide solution into 1 L volumetric flask

containing approximately 500 mL D.I. water and 2 mL of 10N NaOH as a

Ereservat1ve. Dilute to volume with DI water. Prepare fresh weekly.
efrigerate.

Bismuth Nitrate Solution:

Dissolve 30.0 g of Bi(NO3)3 in 100 mL of D.I. water. While stirring,
add 250 mL of concentrated acetic acid. Stir until dissolved. Dilute
to 1 liter with D.1. water.

Sulfamic Acid Solution: Dissolve 40.0 g of sulfamic acid in D.I.
water. Dilute to 1 liter.

CAUTION: Use care in handling of samples with cyanide because of the
toxicity. Avoid skin contact, inhalation, or ingestion. ALWAYS HAVE
A RESPIRATOR IN AREA WHEN DOING THIS TEST.

If a sémp]e begins to bump or back up the tube, quickly increasé the
flow rate, and turn the heat down (or off) until bumping subsides.

If a sample does boil over, proceed as follows:

Put on respirator

Turn heat off (For your proctection, use gloves.)

Pull inlet tube out

Put sample and heating mantle into hood

When sample is cool remove from mantle and heat mantle in hood on
high until acid fumes have dissapated.

Oxidizing agents, such as chlorine, interfere by decom?osing cyanides.
If chlorine is believed to present, put a drop of sample on potassium
iodide starch paper. If paper turns bluish, add a few crystals of
sodium thiosulfate (Na25203§ to the sample, mix, and retest. Continue
adding sodium thiosulfate until free from chlorine. Then, add 0.1 g
sodium thiosulfate in excess.

Sulfides interfere by forming thiocyanate at a high pH. If sulfides
are believed to be present, put a drop of sample on lead acetate test
paper treated with acetic acid buffer solution at ph4. Darkening of
aper indicates sulfides. If sulfides are present, add 50 mL of
gismuth nitrate solution after the air rate is set through the air
inlet tube. Mix for 3 minutes prior to addition of HSSO .
Alternatively, Cd(NO3)-4H20, CdCO3 or PbCOi can be added after the
distillation, but ?rlor to color development. Bismuth nitrate added
prior to the distillation process is the preferred choice.

Fatty acids, high carbonates, and aldehydes can interfere. Refer to
Standard Methods for troubleshooting.
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High concentrations of NO3 and NO; can give false positive results.

If samples contain high concentra%ions of NO3 and/or NOﬁ, add 50 mL of
sulfamic acid solution after the air rate is set through the air inlet
tube. Mix for 3 minutes prior to addition of HpS04.

Procedure:

1.

10.
11.

A1l glassware is to be soap and water washed, tap rinsed, and
deionized rinsed prior to analyses. Dichromate or acetone may also be
used to clean the glassware prior to the soap and water wash.

E?nnectzand set up cyanide reflux distillation apparatus as shown in
gure 2.

Prepare the 0.10 mg/L cyanide calibration standard as follows:

Add 5 mL of the 5 mg/L cyanide solution to 250 mL of DI water.
(Prepare in the distillation flask.)

Pour 250 mL of sample into cyanide distilling flask. If a solid or
semi-solid sample is to be anaylzed, use a 1.0 g sample size and add
250 mL of D.I. water to the distilling flask. (Record the amount of
sample used.) Add an additional 259 mL D.I. water for a total volume
of 500 mL in the distillution flask.

Jo Spike: Add 5 mL of the 5 mg/L cyanide solution to the 250 mL
of sample, for a final concentration of 0.10 mg/L CN.

Using a graduated cylinder, add 50 mL 1.25 N sodium hydroxide to the
absorber tube and connect.

Turn on vacuum pump and adjust so that one bubble per second enters
the distillation flask through the air inlet tube.

Slowly add 25 mL concentrated sulfuric acid through the air inlet )
tube. Rinse the tube with D.I. water and wait for about 2-3 minutes,
until the sulfuric acid has been dispersed into the sample.

Using a graduated cylinder, add 20 mL magnesium chloride solution into
the air inlet tube and rinse the tube with D.I. water.

Turn heating mantle on to 60-63% of scale. Watch vacuum rate
carefully and adjust as necessary maintaining a rate of one bubble per
second. As the temperature increases, bubbling increases, and the
solution can be drawn from the absorption tube or blown out the air
inlet tube. Reflux for one hour after the sample comes to a boil.

Turn off heat and continue vacuum for 15 minutes.

Disconnect absorber, DI rinse absorber top into absorbing solution,
and shut off vacuum pump.
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12.

13.

Pour solution from absorber tube into a 250 mL volumetric flask.
Using D.I. water, rinse the absorption tube (3 times) and add to the
volumetric flask. Dilute to mark with DI water. Mix by inverting.

Distillates are read{ for analysis. Proceed with Lachat SOP CNAAHC
for the automated colorimetric step.

Quality Control:

1. The standard curve does not need to be carried through the
distillation procedure.

2. A reagent blank is to be analﬁzed with each set of samples. This
blank is to be carried through the distillation steps as a check for
contamination. Date and initial blank container.

3. A quality control calibration standard of 0.10 mg/L cyanide is to be
anaylzed with each set of samples. This standard is to be carried
through the entire procedure including the distillation step. This
standard must be within 90-110 ¥ of the true value, or the samples are
to be reanalyzed. Date and initial standard container.

4. A known reference standard (LCS) is to be analyzed with each set of
samples. This standard is to be carried through the entire procedure
incluaing the distillation steps. This standard must be within
80-120 % of the true value and within 95% confidence limits (if
available) or the samples are to be reanalyzed.

5. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are anaylzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges.

6. Aqueous and solid/semi-solid samples are separate matrices.

Duplicates and spikes are required for each matrix type.
Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode,
using the IBM XT computer. {Be sure to calculate in any distillation
dilution into the final result.)

[ INORGSOP]
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TOTAL CYANIDE - AUTOANALYZER - (HEATED METHOD)

Scope and Application:

Reference: EPA, 1983,

This method is applicable to distilled groundwater,
drinking water, wastewater, sediments and soils. All
samples must be distilled prior to analysis with the
autoanalyzer. (Refer to SOP # CNDISC.)

Method 335.3

Lachat Instruments, 1986, Method 10-204-00-1-A
Standard Methods, 16th Edition, pages 337-338

Instrument Detection Limit: 0.005 mg/L

Optimum Concentration

Range: 0.005 - 0.40 mg/L

Sample Handling: Samples should be capped and refrigerated at 43C after
distillation. Read no later than 7 days after distillation.

Instrument Conditions:

Cycle period:
Load period:
Inject period:

Inject to end
Gain: 420
Zero: 350

Sample loop:
Standards for

N=OWERNDCEWN -
- . . - . . - . . L] - .

Reagent Preparation:
1. Degassed Milli
a. Boil Milli

Pum? speed: 3
e

5

50 seconds

20 seconds
15 seconds

Inject to start of peak period: 30 seconds

of peak period: 78 seconds

Interference filter: 570 mm

150 c¢m (0.80 mm i.d.)
calibration: 0, 0.02, 0.04, 0.10, 0.20, 0.40 mg/L

Water Bath 453C (Position A).

(Prepare fresh every 6 months unless otherwise noted.)

-Q-water - 2 options:

-Q water vigorously for 5 minutes. Cool and store in

cubitainer.

b. Bubble hel

ium, using the fritted gas dispersion tube, through 20 L

Milli-Q water for 15-20 minutes. Store in cubitainer.

2. Carrier - 0.25N NaOH:

In a 1L volumetric flask, dissolve 10.0 g NaOH in 900 mL DI water.

Dilute to the
micron filter

[ INORGSOP]

mark and invert several times. Filter through 0.45
paper. Store in a plastic bottle.
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Phosphate Buffer - 0.86M (pH 5.2):

In a1l volumetric flask, dissolve 97.0 g KHyPO4 in 800 mL degassed
MQ water. Add 8.1 mL concentrated (85%) phosphoric acid. Dilute to
the mark with degassed MQ water and invert several times.

Chloramine-T _Solution:

In a 500 ml volumetric dissolve 2.0 g of chloramine-T in degassed
Mi11i-Q. Dilute to the mark and invert several times. Prepare fresh
weekly and store refrigerated.

Pyridine - Barbituric Acid Reagent: .

In the fume hood, place*15.0 g barbituric acid in a 1 L beaker and add
100 mL of degassed MQ water, rinsing down the sides of the beaker to
wet the barbituric acid. Add 75 mL pyridine (C?H5N) while stirring
with stir bar. Nix until barbituric acid dissoives. Add 15 mL
concentrated HC1 and stir. Transfer to a 1 L volumetric flask, dilute
to the mark with degassed MQ water and invert several times.
Refrigerate. Prepare fresh every 2 months.

Stock Cyanide Solution {1000 mg/L):

Dissolve 0.6275 g KCN and 0.5 g KOH and dilute to 250 mL with D.I.
water in a volumetric flask. Prepare fresh every month. Refrigerate.
CAUTION: TOXIC!

Standard Cyanide Solution (5.0 mg/L):

Pipet 5 mL of stock cyanide solution into 1 L volumetric flask, add
approximately 500 mL DI water. Add 2 mL of 10N NaOH as a preservative
and dilute to volume with DI water. Prepare fresh weekly. _
Refrigerate.

Cyanide Standards:

Prepare by pipetting the volumes noted below into 250 mL volumetric
flasks, adding 50 mL of 1.25N NaOH, and diluting to the mark with
degassed MQ water. (The 1.25N NaOH must be added - very important!)

Prepare fresh weekly. (7 days)

Concentration Letter Volume of 5 mg/L
of Standard Identifier working standard (ml)
0.00 mg/L A 0 mL
0.02 mg/L B 1.0 mL
0.04 mg/L C 2.0 mL
0.10 mg/L D 5.0 mL
0.20 mg/L £ 10 mL
0.40 mg/L F 20 mL

Note: Computer refers to standards by letter.
CNAAHC-2
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1. This chemistry is temperature sensitive. The heated method reduces or
eliminates sensitivity drift due to temperature changes.

2. Use wasteline coil to help eliminate air spikes.

3. Any sample dilutions must be diluted with 0.25N NaOH, not water. You
may use the carrier or the zero standard for this.

4. Interferences are reduced or eliminated by the distillation procedure.
Cyanide analyses suffer from many interferences. See EPA and Standard
Methods references for detailed discussion. Information and
recommendations for the manual pyridine-barbituric acid color
development also apply to this automated method.

5. SamE1es must be diluted to obtain concentrations within the optimum
working range.

6. The gain and zero settings are guidelines and must be adjusted each
day to optimize.

7. Color is an interference, dilute the sample and also manually spike
the dilution to confirm the quality of the result.

System_Operation:

1. Refer to "Auto Analyzer Operation Start-up Procedure" (IOP # LAA -
Section A).

2. Sgikes will be distilled at a level of 0.10 mg/L. The calibration
check standard is 0.10 mg/L.

3. Analyze a calibration check standard, blank, and known reference
standard at the beginning of each run. All standards must be within
required control limits before any samples are analyzed.

4. Refer to Auto Ané]yzer shut-down procedure. (IOP # LAA - Section B).

Quality Control:

1. Establish a standard curve with the standards listed above. The
derived concentrations for each calibration standard must read within
10% of the true value.

[ INORGSOP]
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2. A quality control calibration standard (0.10 mg/L] and blank are to be
analyzed initially and at a minimum, after every 10 samples. If less
than 10 samples are analyzed, a calibration standard and blank are
still required. The last samE1es analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and sRike are still required. Spike
recoveries and duplicates are to be within acceptable ranges or data
must be flagged appropriately. (These samples must be carried through
the distillation step.)

Calculations:

1. Calculate with Lachat QuikChem software, in the concentration mode,
using the IBM XT computer. Be sure to calculate any digestion
dilution into the final result.

[ INORGSOP]
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TOTAL MERCURY
Liquid Samples

Scope and Application: This method is applicable to drinking, surface,
groundwater, domestic, and industrial wastewaters.

Method: Manual Cold Vapor
Reference: EPA 1983, Method 245.1
Detection Limits: 0.0002 mg/L (in 100 mL sample)

Optimum Range: 0.0002-0.010 mg/L

Sample Handling: Preserve with concentrated HNO3 to pH <2. Analyze within 28
days of sampling.

Reagents and Apparatus:

Mercur co]d-vagor Analyzer System
Water bath set @ 95*C

BOD bottles; 300 mL

Class A volumetric glassware
Instra-Analyzed sulfuric acid
Instra-analyzed nitric acid
Potassium persulfate

Potassium permanganate

Sodium chloride

Hydroxylamine hydrochloride solution
Stannous chloride

Various Class A volumetric pipettes
Mercury lamp

Mercury stock and standard solutions
Drierite

Activated charcoal

Glass wool

Tygon tubing

[ Py Wy
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Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Sulfuric acid (0.5 N): Pipet 14.0 mL of conc. HzS03 to 500 mL D.I.
¥ﬁEeEOaB|a 1 liter volumetric flask, dilute to the mark. PREPARE IN

2. Stannous chloride (10% w/v): Add 100.0 g stannous chloride to 1 liter

of 0.5 N sulfuric acid.

[ INORGSOP]
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3. Sodium chloride-hydrdoxylamine hydrochloride solution: Dissolve
120.0 g of sodium chloride and 120.0 g of hydroxylamine hydrochloride
in D.I. water, dilute to 1 liter.

4. Potassium permanganate (5% solution, w[v‘: Dissolve 50.0 g of
potassium permanganate in D.I. water, dilute to 1 liter.

5. Potassium persulfate (5% solution, wzve: Dissolve 50.0 g of potassium
persulfate in D.I. water, dilute to 1 liter.

6. Intermediate mercury standa .0 m : Transfer 1.0 mL stock
mercury (1000 mE/L) solution, plus 1/2 mL nitric acid, into a 100 mL
volumetric flask and dilute to the mark with D.I. water. Prepare fresh
daily!

7. MWorking mercury standard (0.100 mg{L): Transfer 1.0 mL of the
10.0 mg/L intermediate standard, plus 1/2 mL nitric acid, into a 100 mL
volumetric flask and dilute to the mark with D.I. water. Prepare fresh
daily!

Notes

1. The mercury standards are volatile and unstable. Standards must be
prepared daily.

2. Because of the toxic nature of mercury vapor, precaution must be taken
to avoid inhalation. Vent the mercury vapor into an exhaust hood or
pass the vapor through an absorbing media.

3. A 10% solution of stannous sulfate may be substituted for stannous
chloride.

4. HydrOXﬁlamine sulfate may be used rather than hydroxylamine
hydrochloride.

5. Standard additions must be used for all EP extracts and delisting
petitions.

6. The calibration check standard is a 0.005 mg/L standard.

7. Interferences:

a. Potassium Eerman anate is added to eliminate interferences from
sulfide. Concentrations as high as 20 mg/L sulfide as sodium
sulfide do not interfere.

b. Copper has also been reported to interfere; however, copper
concentrations as high as 10 mg/L have no effect on recovery of
mercury from spiked samples. '

[ INORGSOP]
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c. Seawaters, brines, and industrial effluents, high in chlorides,
will require additional potassium permanganate. during the
oxidation step, chlorides are converted to free chlorine which also
absorbs at the same wavelength as mercury. Care must be taken to
ensure that free chlorine is absent before the mercury is reduced
and swept into the cell. this may be accomplished by using an
excess of hydroxylamine chloride reagent. In addition, the dead
air space in the BOD bottle must be purged before adding the
stannous sulfate. '

d. Certain volatile organic materials that absorb at this wavelength
may also cause an interference. A preliminary run without reagents
should determine if this type of interference is present.

Instrument Conditions:

4.
5.

Wavelength: 253.6 nm. Background is required.
S1it Width: 0.7

Mode: Absorbance

Time = 40 seconds

Standards to use for curve set-up: 0.5, 1.0, 5.0, 10.0 ug/L.

Cold Vapor System Set-up:
Cell Alignment:

1. Insert quart cell in burner chamber. (Replace the burner head in the
burner chamber.)

2. Align cell in light path (use 0.5 sec t, adjust to the lowest abs.
reading).

3. Check drying tube and charcoal tube - replace if necessary (see
attached page).

4. Insert aerator into a BOD bottle filled with 100 mLs D.I. water.

5. Turn on pump.

6. Let warm-up a few minutes.

7. 1ero machine.

[ INORGSOP]
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Procedure:

A1l glassware is to be washed with soap and water, rinsed with tap
water, acid rinsed with 10% HNO3, and final rinsed with D.I. water.

A. Standard Preparation

1.

The standard curve is to consist of the following standards:

Standard
Concentration

0.00 ug/L
0.50 ug/L
1.00 ug/L
5.00 ug/L
10.0 ug/L

Pipet 0, 0.5, 1.0, 5.0, and 10.0 mL aliquots of 0.10 ug/mL working
stock mercury solution to 300 mL BOD bottles.

Add D.I. water to bring volume to 100 mL and continue with the
digestion procedure.

B. Sample Preparation:

1.

grag?fer 100 mL, or an aliquot diluted to 100 mL, to a 300 mL BOD
ottle.

TJo Spike: Pipette 5.0 mL of 0.10 mg/L standard into the sample bottle.
Proceed as written.

C. Digestion:

1. Add 5 mL conc. sulfuric acid and 2.5 mL conc. nitric acid to each
bottle. Mix by swirling.

2. Add 15 mL potassium permanganate solution to each bottle, mix b
swirling. Allow to stand for at least 15 minutes. If the bottle does
not remain purple in color, additional potassium permanganate is
required.

3. Add 8 mL of potassium persulfate solutjon to each bottle and heat for 2
hours in a water bath maintained at 95°C. Check the bottles
periodically throughout the 2 hours to insure the samples remain
purple. Add potassium permanganate if needed.

4. Cool to room temperature.

[ INORGSOP]
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D.

Sample Analysis:

1.

6.

Add 6 mL of sodium chloride-hydroxylamine hydrochloride solution to
reduce excess permanganate. If necessary, additional amounts of sodium
chloride hydroxylamine hydrochloride may be required to discharge the
purple color. Swirl.

Add 5 mL of stannous chloride solution and immediately insert the

~aerator, making sure that the stopper provides a good seal.

Press the read button.
Record the absorbance value on the bench sheet.

Remove the aerator, rinse aerator, and place it in the D.I. blank
bottle.

Repeat for additional samples.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuing
(check wavelength, tubing, lamp aligrment, pump, etc.)

A quality control calibration standard of 0.005 mg/L and a blank are to
be analyzed initially, and after every 10 samples. These standards are
to be carried through the digestion procedure. If less than 10 samples
are analyzed, a calibration standard and a blank are still required.
The last sameles analyzed in the run are to be the calibration standard
and blank. These standards must be within acceptable ranges or the
samples run after the last acceptable calibration standard are to be
reanalyzed. Record the calibration standard in the quality control
book. The confidence limits are noted in the quality control book.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges or
the data must be flagged appropriately.

Calculation:

1.

[ INORGSOP]

Calculate using linear regression.

Calculate the spike recovery as follows:

% Recovery = (ug/L spiked sample) - (ug/L sample) x 100
5.0 ug/L
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MERCURY MANUAL COLD VAPOR TECHNIQUE
Solid and Semi-Solid Samples

Scope and Application: This procedure is applicable for determining total

mercury (organic, inorganic) in soils, sediments, and
sludge-type samples. All samples must be subjected to
a digestion step prior to analysis.

Method: Mercury - Cold Vapor

EPA, 1983, Method 245.5
SW846, 1982, Method 7471
Detection Limit:

Reference:

Sample Handling:

0.04 mg/kg (if 0.5 gm sample aliquots are used)

Due to the extreme sensitivity of this procedure, sampling
devices and containers should be free from mercury. Soils
are anal{zed as received. The sample should be crushed and
thoroughly mixed before the sample is weighed for analysis.

Reagents and Apparatus: (A1l glassware is acid washed and rinsed three times

WM OWONNUIE WM —
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15. Drierite
16. Activated charcoal
17. Glass wool
18. Tygon tubing

with D.I. water.) Use D.I. water only.

Mercury cold-vapor analyzer system
Mercury lamp

Instra-Analyzed nitric acid
Instra-Analyzed hydrochloric acid
Mercury stock and standard solutions
Class A volumetric glassware
Deionized Water

Water bath set at 95 C

300 mL BOD bottles

Instra-Analyzed sulfuric acid
Stannous chloride

Sodium chloride

Hydroxylamine hydrochloride
Potassium permanganate

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Aqua - Regia: PREPARE IMMEQIATELY before use! PREPARE IN THE HOOD!
3 Volumes conc. HCL + 1 volume conc. HNOj3

2. 0.5

N

Ho SO

PRE

PA

RE 1

A

- Dilute 14.0 mL of conc. HpS04 to 1 liter with D.I. water.
THE HOOD!

3. Stannous Chloride: Add 100.0g stannous chloride to 1 L of 0.5N HpS04.

&

Sodium_chloride - hydroxylamine hydrochloride solutions: Dissolve

120.0 grams NaCl + 120.0 grams hydroxylamine hydrochloride in
approximately 100 mL D.I. water, dilute to 1 liter with D.I. water.

[ INORGSOP]
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Potassium permanganate 5% solution: Dissolve 50.0g potassium
permanganate in 8.1. water and dilute to 1 liter with D.I. water.
Potassium persulfate (5% solution, w[v?: Dissolve 50.0 g of potassium
persulfate in D.I. water, dilute to 1 liter.

Intermediate mercury standard (10.0 mg/L): Transfer 1 mL stock mercury
(1000 mg/L) solution, Elus 1/2 mL concentrated nitric acid, into a

100 mL volumetric flask and dilute to the mark with D.I. water.
Prepare fresh daily! -

Working mercury standard (0.100 mgle: Transfer 1.0 mL of the
s plUS

10.0 mg/L intermediate standard 1/2 mL concentrated nitric acid,
into a 100 mL volumetric flask and dilute to the mark with DsI. water.

Prepare fresh daily!

i

Mercury is volatile and unstable; therefore intermediate and working
standards must be prepared daily.

Because of the toxic nature of mercury vapor, precaution must be taken
to avoid inhalation. Vent the mercury vapor into an exhaust hood or
pass the vapor through an absorbing media.

Rinse aerator off with DI water between sample. When rinsing, be
careful not to rinse too high on the aerator, otherwise the pump will
suck the water into the analyzer.

A 10% solution of stannous sulfate maybe substituted for stannous
chloride.

Hydroxg]amine sulfate may be used rather than hydroxylamine
hydrochloride.

Interferences:

A. Potassium permanganate is added to eliminate possible interference
from sulfide. Concentrations as high as 20 mg/L sulfide as a
sodium sulfide do not interfere.

B. Copper has also been reported to interfere; however, copper
concentrations as high as 10 mg/L have no effect on recovery of
mercury from spiked samples.

C. Seawaters, brines, and industrial effluents high in chlorides
require additional potassium permanganate. During the oxidation
step, chlorides are converted to free chlorine which also absorbs
at the same wavelength as mercury. Care must be taken to ensure
that free chlorine 1s absent before the mercury is reduced and
swept into the cell. This may be accomplished by using an excess
of {drggg1amine sulfate reagent. In addition, the dead air space
in the bottle must be purged before adding stannous sulfate.

[ INORGSOP]
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D. Certain volatile organic materials that absorb at this wavelength
may also cause an interference. A preliminary run without reagents
should determine if this type of interference is present.

Instrument Conditions:

1.
2.
3.
4.
5.

Wavelength: 253.6 nm. Background is required.
Stit Width: 0.7

Mode: Absorbance

Time = 40 seconds

Standards to use for curve set-up: 0.5, 1.0, 5.0, 10.0 ug/L.

Cold Vapor System Set-Up:

Cell Alignment:

1. Insert quart cell in burner chamber. (Replace the burner head in the
- burner chamber.)
2. Align cell in light path (use 0.5 sec t, adjust to the lowest abs.
reading). '
3. Check drying tube and charcoal tube - replace if necessary (see
attached page).
4. Insert aerator into a BOD bottle filled with 100 mLs D.I. water.
5. Turn on pump.
6. Let warm-up a few minutes.
7. Zero machine.
Procedure:
A. Standard Preparation:
1. The standard curve is to consist of the following standards:
D.I. water blank
0.50 ug/L
1.0 ug/L
5.0 ug/L
10.0 ug/L
2. Prepére the standards above by pipetting 0, 0.5, 1.0, 5.0, and 10.0 mL
aliquots of 0.10 ug/mL working mercury solution to 300 mL BOD bottles.
3. Add D.I. water to bring volume up to 10 mL, and continue with the
digestion procedure.
[ INORGSOP]
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B. Sample Preparation

1. VWeigh 0.50 gram of sample and place in the bottom of a BOD bottle.
Record the weight used.

To Spike: Pipet 1.0 mL of 0.10 ug/L standard into sample bottle.
2. Add 10 mL of D.I. water, and continue with the digestion procedure.
C. Digestion '
To all samples, standards, and blanks:
1. Add 5 mL aqua regia solution, cap bottles.

2. ggaé)z min. in a water bath at 95 C. (Waterbath must be maintained at

Cool, add 50 mL D.I. water.

3
4. Add 30 mL potassium permanganate solution.
5. Add 8 mL of potassium persulfate.

6

Mix thoroughly and place in a water bath at 95 C for 30 minutes. Check
samples periodically throughout the 30 minutes to insure they are
purple in color. If not, add potassium permanganate. Add the same
volume of potassium permagnate to all bottles.

7. Cool samples and standards to room temperature.

8. Add 50 mL of D.I. water.

D. Sample Analysis:

1. Add 6 mL sodium ch]oride-hydrOX{lamine hydrochloride to reduce the
excess ?ermanganate. Additional sodium chloride-hydroxylamine

hydrochloride may be needed to discharge the purple color. Swirl.

2. Add 5 mL of stannous chloride solution and immediately insert the
aerator, making sure that the stopper provides a good seal.

3. Press the read button.
4. Record the absorbance reading.

5. Remo¥e the aerator, rinse aerator, and place into the D.I. blank
bottle.

6. Repeat for additional samples.

[ INORGSOP]
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uality Control

1.

Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If
not, necessary troubleshooting must be performed before continuing
(check wavelength, tubing, lamp alignment, pump, etc.,)

A quality control calibration standard of 0.005 mg/L and a blank are to
be analyzed initially, and after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within
accegtable ranges or the samples run after the last acceptable
calibration standard are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a spike and duplicate are still required. Spike
recoveries and duplicate results are to be within acceptable ranges or
the data must be flagged accordingly.

[}

Calculation:

1.

Calculate using linear regression (absorbance vs. concentration).

mg/kg Mercury = _(m ample) (100 mL)
grams of sample

Calculate the spike recovery as follows:

% Recovery = k iked sample) - (mg/kq sample) x 100
(5.0 ug) / (grams of spiked sample)

[ INORGSOP])
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AMMONIA NITROGEN

Scope and Application: This method is applicable to the determination of
ammonia-nitrogen in drinking water, surface water,
groundwater, sludges, soils, and industrial wastes.

Method: Micro-distillation, Colorimetric
Reference: EPA, 1983, Method 350.2

Detection Limit: 0.10 mg/L for aqueous samples
5.00 mg/kg for soils and sludges

Optimum Range: 0.10 - 2.00 mg/L for aqueous samples
5.00 - 100 mg/kg for soils and sludges

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to
pH <2 and refrigerate at 40C. Refrigerate soils and sludges
at 40C. Analyze within 28 days of sampling.

Reagents and Apparatus:

Kjeldahl flasks, 100 mL
Keeney distillation agparatus
Spectrophotometer, set at 425nm with sipper cell
Erlenmeyer flasks, 50 mL
Sulfuric acid, concentrated
Mill1i-Q water
GH meter, 0.1 pH unit sensitivity
olumetric glassware, Class A (pipets and flasks)
Top loading balance, 0.0lg sensitivity
10. Graduated cylinders, 50 mL
11. Mixing cylinders, 50 mL
12. Ammonium chloride (NH4C1)
13. Boric acid SHSBO )
14. Mercuric iodide ?H I2)
15. Potassium iodide é IZ
16. Sodium hydroxide (NaOH)
17. Sodium tetraborate (NasB407-10H,0)
18. Sodium thiosulfate Na65803'5H26)
19. Analytical balance, 0.0001g sensitivity
20. 150 mL beaker
21. Stir bars and stir plate

W00~ W) =

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).

1. Ammonium chloride stock solution(1000 mg/L): In a 1 liter volumetric

flask, dissolve 3.819g NH4C1 in approximatelﬁ 300 mL Milli-Q water and
bring to volume. Preserve with HyS04 to a pH<2. Refrigerate.

[ INORGSOP]
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5.

6.

Ammonium chloride standard solution ilo mg/L): Dilute 10.0 mL of the
ammonium chloride stock solution to iter with Milli-Q water in a
volumetric flask. Preserve with HyS04 to a pH<2. Prepare monthly.
Refrigerate.

Boric_acid solution: Dissolve 20.0g H3BO3 in Mil11i-Q water and dilute
to 1 liter in a volumetric flask. _

Nessler reagent: Dissolve 100g of mercuric iodide and 70g of potassium
iodide in about 200 mL of Mi11-Q water. Add this mixture slowly, while
stirring to a COOLED solution of 160g NaOH in 500 mL Mil1l1i-Q water.
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of
direct sunlight. (refrigerate) NOTE: Commercially available.

Sodium hydroxide (IN): Dissolve 40g of NaOH in Mil1i-Q water and
dilute to 1 liter.

Sodium hydroxide (0.1N): Dilute 100 mL of IN NaOH to 1 liter with
Milli-Q water.

Sodium tetraborate solution (0.$%SME: Dissolve 9.5g of NapB407-10H,0
or 5.0g anhydrous NapBs07 in Milli-Q water and dilute to 1 liter.
Borate buffer: Add 88 mL of 0.IN NaOH solution to 500 mL of 0.025M
sodium tetraborate solution. Dilute to 1 liter with Milli-Q water.

Sodium thiosulfate (1/70N): Dissolve 3.5 NapSp03-5H20 in Milli-Q
water and dilute to 1 liter. (1 mL of this solution will remove 1 mg/L
of residual chlorine in 500 mL of sample).

Residual chlorine must be removed prior to distillation by pretreating
the sample with sodium thiosulfate solution. ‘

Pre-steam the distillation apparatus with 10%¥ NaOH before use, for each
batch analyzed.

Cyanate and some volatile alkaline compounds may cause an offcolor
nesslerization. This off-color can be eliminated by boiling the sample
at a low pH (pH 2-3* to drive off the compound. This should be done
prior to the distillation step.

Procedure: Sample must be homogenized prior to analysis to ensure a
B i

representative sample aliquot.
Distillation:
1. A1l glassware is to be soap and water washed, tap water rinsed, and
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2. The reservoir should be 2/3 full with Mi1li-Q water. Add a few boiling
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on
the heater. Set heater control to HIGH. Allow the steam reservoir to
heat up. This unit will take about 45 minutes to heat-up. Turn the
heater control to about a setting of 8 and bring to boiling. Analysis
can begin once boiling begins.

3. Prepare the distillation aﬁparatus as follows: Steam out the
distillation apparatus with a 10% NaOH solution. Turn on water and
continue until 40 mL has been distilled. :

4. Aqueous samples:

Place 50 mL or an aliquot of sample diluted to 50 mL in a 150 mL
beaker. Record the volume used. Add IN NaOH while stirring very
slowly until the pH is 9.5 +0.1 using pH meter. :

Jo spike: Place 50 mL sample and 5 mL of the 10 mg/L ammonia standard
into a beaker, adjust pH to 9.5 +0.1 and continue with procedure.
Final spike level is 1.0 mg/L.

Non-aqueous samples:

Place ap?roximately 1.0g in a 150 mL beaker. Record weight used. Add
50 mL Milli-Q water and adjust the pH with 1IN NaOH, while stirring
slowly, to pH 9.5 +0.1 using pH meter.

To sgike: Place 1.0g sample, 5 mL of the 10 mg/L ammonia standard in
the beaker. Add 50 mL Milli-Q water, adjust pH, and continue with

procedure.

5. Transfer the pH-adjusted sample to a 100 mL Kjeldahl flask. Add 2.5 mL
of borate buffer.

6. Add 5 mL of boric acid to a 50 mL Erlenmeyer flask and place flask at
ghe_condggser outlet with the tip of the condenser immersed in the
poric acid.

7. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs. ,

8. Close the stopcock on the condensation chamber. Close the drain
stopcock. The steam will now pass through the Kjeldahl flask.

9. Steam distill 30-40 mL at a rate of 4-5 ml/min.

10. %}nsi tip of condenser into erlenmeyer flask, remove the erlenmeyer
ask.

11. Rinse the tip of the condenser and steam outlet into a waste beaker.
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12. Continue distilling remaining samples, blanks and standards. When all
samples, blanks and standards are distilled, the colorimetric
determination can be performed.

Colorimetric Determination:
1. Prepare the following series of blanks and standards in 50 mL mixing
cylinders containing 5 mLs of boric acid solution (These do not need to
be taken through the distillation step).

mL of 10 mg/L

ammonium chloride Dilute Concentration
X solution _to (mg/L
' 0 50 mL BLANK
0.5 50 =L 0.10
1.0 50 mL 0.20
2.0 50 mL 0.40
_ 5.0 50 mL 1.00
: 10.0 50 mL 2.00

2. Add 2.0 mL of Nessler reagent to the blank and standards. Stopper and
mix by inverting several times.

3. After 20 minutes, read the absorbances on the sRectrophotometer set at
g%Snﬂ using the sipper cell. Zero _he spectrophotometer to the reagent
ank.

4. Transfer distilled samples to 50 mL mixing cylinders and dilute to
50 mL with Mi11i-Q water. Mix.

5. Determine the ammonia in the distillate as follows:

- Transfer 25 mL of distillate, or an aliquot diluted to
25 mL, to a mixing cylinder. '

- Add 1 mL of Nessler reagent and mix by inverting several times.
- After 20 minutes, read the absorbance as described in Step 3.
Calculations:
1. Aqueous Samples:
a. Calculate using linear regression.

b. Multiply in any dilution factors performed in the distillation and
colorimetric steps to obtain the final result in mg/L.

{ INORGSOP]
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2.

Non-Aqueous Samples:
a. Calculate using regression to obtain a mg/L value.

b. ?u];lg]y in any dilution factor performed in the colorimetric step
mg

c. Multiply result obtained from "Step b* by 50 and divide by grams of
sample used to obtain the final result in mg/kg.

Quality Control:

1.

Establish a standard curve with the standards 1isted above plus a blank.
Record the absorbance check standards (1.00 mg/L) in the absorbance check
book. The absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

A distilled blank, standard (1.00 mg‘L), and known reference standard are
to be analyzed at the beginning of the analytical run. The standards
must be within acceptable ranges and the blank less then the detection
Timit, or troubleshooting must be performed.

A quality control calibration standard of 1.00 mg4L and a blank are to be
analyzed, initially and after every 10 samples. This standard does not
need be carried through the distillation procedure. The last samples
analyzed in the run are to be the calibration standard and blank. These
standards must be within the acceptable ranges (+ 10% of the true value)
or the samples run after the last acceptable check standard are to be
reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.
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Scope _and Application:

TOTAL KJELDAHL NITROGEN

Method: Micro-digestion, micro-distillation, co]orimetrfc

may also be analyzed by t

Reference: EPA 1983, Method 351.3.

Detection Limit: 0.10 mg/L or aqueous samples

Sample Handling:

5.00 mg/kg for non-aqueous samples

collection.

Reagents and Apparatus:

Reagent Preparation:

1. Mercuric sulfate solution: Dissolve 4.0? red HQO in 25 mL of 1:4
sulfuric acid (5 mL conc. H504:20 mL Mill1i-Q water) and dilute to
50 mL with Milli-Q water.
[ INORGSOP]
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Mercuric oxide, red (HgO)
Sulfuric acid, concentrated (H2S04)
Potassium sulfate (K2S0s)
Sodium h%droxide (NaOH)
Sodium thiosulfate (NazS203-5H20)
Micro kjeldahl digestion apparatus
Milli-Q water
Boiling chips
Volumetric glassware (flasks and pipe{s)
100 mL Kjeldahl flasks :
Wide-mouth pipets
Graduated cylinders, 50 mL
Keeney distillation apparatus
Spectrophotometer, set at 425nm with sipper cell
Erlenmeyer flasks, 50 mL
?H meter, 0.1 ?H unit sensitivity
op loading balance, 0.01g sensitivity
Mixing cylinders, 50 mL
Ammonium chloride (NH4C1)
Boric acid 5“580 h
Mercuric iodide ? gls)
Potassium iodide (Klg

Analytical balance, 0.0001g sensitivity

KJNC1-1

This method is applicable for the determination of

total kjeldahl nitrogen in drinking water, surface

water, groundwater, domestic and industrial

wastewaters. Soils, s]udﬁes and solid waste samples
is method.

Acidify aqueous samples with concentrated H»SO4 to pH <2 and
refrigerate at 49C. (Non-aqueous samples shou

refrigerated at 49C.) Analyze samples within 28 days of

(Prepare fresh every 6 months, unless otherwise stated.)



Digestion solution: Dissolve 133.5g K2SO4 in 650 mL Milli-Q watér and
200 mL conc. HoSO4. Add 25 mL of mercuric sulfate solution and dilute
to 1 liter with Mi11i-Q water. Store at room temperature in glass to

prevent crystallization. If crystals do form, heat slowly, while
stirring, to dissolve.

Sodium_hydroxide-sodium thiosulfate solution: Dissolve 5009 NaOH and
25.0g NapS,03-5H20 in Milli-Q water and dilute to 1 liter. Caution -

solution becomes very hot. Store in a plastic bottle.

Ammonium chloride stock solution (1000 mg[L?: In a 1liter volumetric
flask, dissolve 3.819g NH4C1 in approximately 300 mL Mill1i-Q water and

bring to volume.

Ammonium_chloride standard solution (10 mg[LE: In a volumetric flask,
dilute 10.0 mL of the ammonium chloride stock solution to 1 liter with
Milli-Q water. -

Boric acid solution: In a volumetric flask, dissolve 20.0g H3BO3 in
Milli-Q water and dilute to 1 liter.

Nessler reagent: Dissolve 100g of mercuric iodide and 70g of potassium
iodide in about 200 mL of Mil'i-Q water. Add this mixture slowly,
while stirring to a COOLED solution of 160g NaOH in 500 mL Milli-Q
water. Dilute the mixture to 1 liter. Store in a Pyrex bottle and
keeg]og% of direct sunlight. Refrigerate. Note: Also commercially
available.

Sodium hydroxide (IN): Dissolve 40g NaOH in Mill1i-Q water and dilute
to 1 liter.

Nicotinic acid stock solution (1000 ?g-N[L): Dissolve 8.788g in 900 mL
Milli-Q water, add 2 mL HyS04 and dilute to 1 liter.
Nicotinic acid standard solution (50 ma-N/L): In a 100 mL volumetric

flask, dilute 5.0 mL of the nicotinic acid stock solution to 100 mL
with Milli-Q water.

High nitrate concentrations (10 times or greater that of the TKN level)
result in low TKN values. Dilute samples and spike if nitrate
interferences are expected.

The distillation unit can occasionally build up with mercury. Wash the
distillation unit with 10% HCL to prevent build-up in the tubes.

Contamination can be a problem. Be sure to wash all glassware and
apparatus thoroughly and rinse with Milli-Q water prior to use.

[ INORGSOP]
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Procedure: Sample must be homogenized prior to analysis to ensure a
representative sample aliquot.

A. Digestion:

1. All glassware must be soap and water washed, tap water rinsed and
Mil11-Q water rinsed prior to use.

2. Prepare the following series of blanks and standards. These standards
are to be taken through the distillation step. :

mL of 10 mg/L
ammonium chloride Dilute Concentration
solution to (mg/L

0 50 mL BLANK

2.0 50 mL 0.40

5.0 50 mL 1.00
7.0 50 mL 1.40
10.0 50 mL 2.00

3. For aqueous samples: Measure out 50 mL sample (or an aliquot diluted
to 50 mL if elevated TKN levels are expected) into a 100 mL Kjeldahl
flask. Record the volume used.

To spike aqueous samples: Measure 50 mL sample and 5 mL of the 10 mg/L
ammonium chloride standard and proceed.

For non-aqueous samples: Heigh out approximately '1.0g sample into a
100 mL Kjeldahl flask. Record weight used. Add 50 mL Milli-Q water.
To spike non-aqueous samples: Weigh out approximately 1.0g sample, add
S mL of the 10 mg/L ammonium chloride standard and proceed. Record
weight used.

4. Add 10 mL of digestion solution to the kjeldahl flask using a 10 mL
wide-mouth pipet. Add 3-5 boiling chips.

5. Place flask on micro Kjeldahl digestion apﬁaratus and digest unti)
dense, white SO3 fumes are given off and the solution turns colorless
or straw yellow. QDigestion must be performed in_the hood! Digest the
samples with the digestion apparatus set at 3-4.

6. Digest for 30 minutes more.

7. Cool and add 30 mL Mil11i-Q water. Cap with parafilm if not distilling

~ immediately.

8. Proceed to the distillation portion of the procedure.

[ INORGSOP]
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B. Distillation:

1. All glassware is to be soap and water washed, tap water rinsed, and
Mil11-Q water rinsed prior to use.

2. The reservoir should be 2/3 full with Mil1i-Q water. Add a few boiling
chips. Add sulfuric acid to reservoir to bring to a ph <2. Turn on
the heater. Set heater control to HIGH. Allow the steam reservoir to
heat up. This will take about 45 minutes. Turn the heater control to
about a setting of 8 and bring to boiling. Analysis can begin once
water is boiling.

3. Preparation of the distillation appgratu§: Steam out the distillation
apparatus with a 10%¥ NaOH solution. Analyze a blank to confirm no
trace of ammonia exists (no color change with the addition of Nessler
reagent to the distillate).

4. Add 5 mL of boric acid to a 50 mL Erlenmeyer flask and place at the
coqgenser outlet with the tip of the condenser immersed in the boric
acia.

5. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs.

6. Fill the NaOH chamber to the 10 mL mark with NaOH/thiosulfate solution.
Slowly 1ift glass stogper to allow solution to run down tube and into
sample distillation flask. Stop flow if "neutralizing action" becomes
too vigorous or siﬁhoning back of receiving solution occurs. Replace
glass stopper in chamber.

7. Close the stopcock on the condensation chamber. Close the drain
stopcock. The steam will now pass through the Kjeldahl flask.

8. Steam distill 30-40 mL at a rate of 4-5 mlL/min.

9. Rinse tip of condenser with Milli-Q into erlenmeyer flask, remove the
erlenmeyer flask.

10. Rinse the top of the condenser and steam outlet into a waste beaker.

11. Continue disti1ling remaining samples, blanks and standards. When all
samples, blanks and standards are distilled, the colorimetric
determination can be performed.

C. Colorimetric Determination:

1. Transfer distilled blanks, standards and samples to 50 mL mixing
cylinder and dilute to 50 mL with Mi11i-Q water. Mix.

[ INORGSOP)
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2.

Determine the TKN in the distillate colorimetrically as follows:

- Pour 25 mL of distillate or an aliquot diluted to 25 mL in a
mixing cylinder.

. di 1 mL of Nessler reagent. Stopper and mix by inverting several
imes.

- After 20 minutes, read the absorbances on the spectrophotometer set
at 425 nm using the sigper cell. Zero the spectrophotometer to the
distilled reagent blank.

Calculations:

1.

Follow the calculations as stated in the ammonia nitrogen SOP. Make
sure to calculate in any digestion dilution into the final result to
obtain the TKN value.

Quality Control:

1.

Establish a standard curve with the standards listed above plus a
blank. Digest and distill the standard curve and blank. Record the
absorbance check standard (1.00 mg/L) in the absorbance check book.
The absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

A digested/distilled calibration standard, (1.00 mg/L) blank, and known
reference standard are to be analyzed at the beginning of the
analytical run. The standard, must be within acceptable ranges and the
blank less than the detection 1imit or troubleshooting must be
performed.

A quality control calibration standard (1.00 mg{L) and a blank are to
be analyzed, initiallﬁ, and after every 10 samples. This standard
needs to be carried t rou%h the digestion/distillation procedure. The
last samples analyzed in the run are to be the calibration standard and
blank. These standards must be within the acceptable ranges (+ 10% of
the true value) or the samples run after the last acceptable standard
are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges.
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SULFATE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

Reference: EPA 1983, Method 375.2 '
Lachat Instruments 1986, Method 10-116-10-2-B

Detection Limit: 5.0 mg/L.
Optimum Concentration Range: 5.0 - 200 mg/L

Sample Handling: Refrigerate at 4*C and analyze within 28 days of collection.
Instrument Conditions:

Load time: 20 seconds

Inject period: 30 seconds

Inject to start of peak period: 9 seconds

Inject to end of peak period: 54 seconds

Cycle time: 50 seconds

Gain: 700

Zero: 200

Interference filter: 460 nm

Sample loop: 10 cm -
Standards for curve set-up: 0, 25.0, 50.0, 100, 150, 200 mg/L.

Reanent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

— .
O W OD OV U I L D e
L] L] . . [ . . . . *

1. Degassing with helium - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in
cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the
Mill1i-Q water (15 min/20 L.) Store in cubitainer.

2. Carrier (0.3 Egm S04): In a1 liter volumetric flask, add 0.3 mL of
1000 ppm stock sulfate solution and dilute to mark with degassed
Mil1i-Q water.

3. Barium chloride solution (6.24M): In a 1 liter volumetric flask,
dissolve 1.526 g of barium chloride dihydrate (BaCl;-2H20) in 500 mL of
Mil1i-Q water and dilute to 1 liter.

4. Hydrochloric acid (1.0N): In a 100 mL volumetric flask, containing
approximately 80 mL of Milli-Q water, add 8.3 mL of concentrated

hydrochloric acid and dilute to the mark with Mil1i-Q water.

[ INORGSOP]
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5. Barium - MTB color reagent: (The ?urity of the methylthymol blue and
the alcohol can be critical. USE THE SOURCES STATED BELOW).

In a dry 1000 mL volumetric flask, place 0.2364 g of methylthymol blue
(3’, 3" bis-N, N-bis carboxymeth i)-amino methylthymolsulfon-ephthalein
pentasodium salt (Kodak No. 8068{. Add 50 mL of barium chloride
solution ("3" above). The solution may be used to aid in the transfer
of the dye. Swirl to dissolve. Add 8.0 mL of the 1.0N HCL solution
("4" above) and mix - solution may turn orange. Add 142 mL deionized
water and dilute to 1000 mL with ethanol (Aldrich 24.511.9) Mix. The
gH of this solution should be 2.5. Prepare this solution the day

NOTE: amount

efore use and store it refrigerated in an amber bottle.
ﬂ?Bmethylthymol blue may be agjusted up/down -for variance in lots of
6. Sodium hydroxide (50% stock solution): Cautiously dissolve 500 g of
sodium hydroxide sNaOH) in 630 mL of Mil1i-Q water. Cool and dilute to

1 liter. Store in plastic bottle. CAUTION: The solution will become
very hot!

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 14.4 mL
of 50% sodium hydroxide ("6" above) to degassed Milli-Q water, and
dilute to the mark.

8. Buffered EDTA (for gleaning manifold): In a ] liter volumetric flask,
dissolve 6.75 g ammonium chloride (NH4C1) in 500 mL DI water. Add
57 mL concentrated ammonium hydroxide and 40.0 g tetrasodium EDTA
dihydrate. Dissolve by swirling; dilute to the mark with DI water.

9. Sulfate stock (]000 mg[Lg: Dry approximately 2 g of sodium sulfate
(NapS04) at 105°C for 2 hours. Cool in a desiccator. In a1l liter
volumetric flask, dissolve 1.479 g of the dried sodium sulfate in
Mi11i-Q water and dilute to 1 liter. (1.0 mL = 1.0 mg SO4).

10. Working standard: (Prepare fresh every 2 months). Refrigerate.

Concentration Letter VYolume of Dilute
of Standard Identifier Sulfate Standard to

0 mg/L A 0 200 mL
25.0 mg/L B 5.0 200 mlL
50.0 mg/L C 10.0 200 mbL
100 mg/L D 50.0 500 mL
150 mg/L E 75.0 500 mL
200 mg/L F 40.0 200 mb

NOTE: Final volumes are not the samel
Computer refers to standards by letter.
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Preparation of Jon Exchange Column:

1.

Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion
exchange resin in Milli-Q water.

Remove one column end from the glass column. Fill the column with
water, then aspirate the slurry or allow it to settle by gravity to

pack the column. Take care to avoid tragging air bubbles in the column
and its fittings at this point and all subsequent operations.

After the resin has settled, replace the end fitting. To ensure a good
seal, remove any resin particles from the threads of the glass, the

column end and the end fittings. To store the column, the ends of the
Teflon tubing may be joined with a union.

To test the effectiveness of the column, make up a standard of pure
sodium sulfate and compare its peak height to an identical standard
with hardness typical of the samples added. If the column is being
depleted, the standard with hardness will read lower because the
divalent cations are complexing the free MTB. The concentration of the
standard should be mid-range. If depletion has occurred, repack the
column with fresh resin.

Regenerating Resin: Batch regeneration is recommended because the
ﬁygrogen form of BioRex 70 can swell considerable more than the sodium
form. collect the used resin in a small beaker or flask. Wash with
dilute HCL until the wash tests free of calcium and/or magnesium. This
procedure removes the divalent cations by converting the carboxylate
exchange group to the protonated form - COOH. Convert the resin back
to the sodium form by neutralizing with washes of 0.5M NaOH until the
wash has a pH of 9 or greater. Rinse with deionized water for storage
or repacking. A column may be used for 3-4 trays (approximately 150
samples) before it needs to be replaced.

Samﬁles must be diluted to obtain concentrations within the optimum
working range.

Sulfate standards may be combined with alkalinity and chloride
standards for use with the 3-channel method.

The gain and zero settings are guidelines and must be adjusted each day
to optimize.

A1l coils (including waste coil{ must be changed at least once each
quarter to prevent build-up in lines.
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4. Interferences:

The cation exchange column removes multivalent cations. Run a mid-
range sulfate standard containing a typical concentration of CaC03
periodically to check performance. Any decrease in peak height
should indicate the need to regenerate or replace the resin. (At
600 ppm CaCO3, the column is good for 80 + injections.)

Samples with pH <2 should be neutralized. High acid concentrations
can displace multivalent cations from the column.

Color will interfere. Dilute the sample and also spike the
dilution to confirm the quality of the result.

Turbidity - turbid samples may be filtered (use Whatman #1 or #4)
prior to analysis on Lachat.

Orthophosphate also forms a precipitate with barium at high pH.
Check the response of pure orthophosphate standards, if samples are
known to be high in POg=.

5. Troubleshooting:

A.

[ INORGSOP]

Baseline noise with reagents pumping.
1. Noise with column in line but good baseline without column.
a. Repack column, air bubbles may be causing pulsing.

b. Check flow fit connectors and end fittings on column for
blockage or leaks.

2. Noise with and without column in line.

a. Degas carrier and/or reagents. Fine bubbles cause sharp
spikes on baseline.

b. Place a 1on?er piece of manifold tubing on the outlet of

the flow cell leading to the waste container. This method
requires the use of the screw type flow cell.

c. Replace the gump tubes. The silicone tube, used for the
color reagent, wears faster than the PVC pump tubes.

d. With water pumpin? in the lines, check all hydraulic
connections for blockages, leaks, etc.
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B. Baseline drift.
1. Clean the manifold with the buffered EDTA.

2. Turn the gain high and use the shortest sample loop possible.
This improves the linearity of the calibration curve, prolongs
the useful life of the column, and minimizes the build up of
BaSO4 on the manifold tubing.

System Operation:

1. Refer to "Auto Analyzer Operation start-up procedure."”
(SOP# LAA-Section A).

2. Pump reagents through the lines before inserting the column. Use a
short piece of manifold tubing in place of the column. When all air
has passed and the baseline is steady, turn off the pump and insert the
column. The column should be placed in a vertical position with flow
in the top and out the bottom. In this configuration, the column will
ogerate effectively even if the resin packs down more to leave a gap at
the top. Resume pumping.

3. Analyze an initial check standard, a blank, and a known reference at
the beginning of each run. The blank must be less than the detection
limit and the standards within acceptable limits.

4. To spike: Mix equal volumes of sample and 150 mg/L SO4 standard (D)
for a final spike level of 75 mg/L.

5. The calibration check standard is 100 mg/L (D).

6. To shut down, turn off pump and remove the column.

To remove the column:
a. Turn off the pump.
b. Remove the column.
c. Join ends of the column with a union.
d. Replace the column on the manifold with the short teflon tubing
iece.
e. Rinse manifold with Milli-Q water.
f. Rinse manifold with EDTA cleaning solution.
g. Continue with "Auto Analyzer Shut-down procedures" (SOP # LAA-
Section B). _
[ INORGSOP]
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Quality Control:

1.

Establish a standard curve with the standards listed above. Note that
the calibration curve is calculated in a "piece-wise" fashion and is
not linear. Be sure that calibration points describe smooth curve. If
not, necessary troubleshooting must be performed before continuing
(check reagents, pump tubing, valves, etc.).

A quality control calibration standard of 100 mg/L and a blank are to
be analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and sgike are still required. Spike
recoveries and duplicates are to be within acceptable ranges or data

must be flagged appropriately.

Calculation:

1.
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Calculate with Lachat QuikChem software, in the concentration mode,
using the IBM XT computer. See LAAC SOP for further detail.
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NITRATE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water,
surface water, groundwater and wastewater.

Reference: EPA 1983, Method 353.2
Lachat Instruments, 1986

Detection Limit: 0.02 mg/L

Optimum Range: 0.02 - 2.00 mg/L NO3 + NO2 - N

Sample Handling: Preserve with sulfuric acid to pH <2 and refrigerate at 43C.
Analyze within 14 days. A1ternativel{, unpreserved samples,
kept at 43 can be analyzed within 48 hours of sampling.

Instrument Conditions:

1. Pumg speed: 35

2. Cycle period: 50 seconds

3. Load period: 20 seconds

4. Inject period: 20 seconds

5. Inject to start of peak period: 22 seconds
6. Inject to end of peak period: 68 seconds
7. Gain: 450

g. Zero: 400

Interface filter: 520 nm

10. Sample loop: 17 cm

11. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg/L
12. Column: (see reagents 7-10)

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)
1. Degassed Milli-Q water (2 options):

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a
cubitainer, or

b. Bubble helium, using the fritted gas'disgersion tube, through the
Mill1i-Q water. Store in cubitainer. (15 min/20 L)

2. Stock nitrate standard (100 mg/L NO3): In a 1 liter volumetric
flask, dissolve 0.7218 Eotassium nitrate (KNO3) in about 600 mL of
Mi11i-Q water. Add 2 mL of concentrated HpSO4 as a preservative.
Dilute to the mark. Store in a dark glass bottle.

3. \Morking stock nitrate standard (10 mg/L NO3): Add 50 mLs D.I. water
to a 100 mL volumetric flask. Add 0.2 mLs concentrated HpSO4 and

Bipet 10.0 mL of the stock nitrate standard. Dilute to the mark with
I water. Prepare fresh every 2 weeks.

~ [INORGSOP]
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4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 mL
H2S04. Dilute to volume with D.I. water. Refrigerate.

Concentration ‘Letter Volume of Dilute
of Standard Identifier NO3_Standard to
0 mg/L A 0 100 mLs

0.20 mg/L B 2.0 100 mLs
0.50 mg/L C 5.0 100 mlLs
1.00 mg/L D 10.0 100 mLs

- 2.00 mg/1 E 20. 100 mLs
Note: Computer refers to standards by letter.

5. Sodium hydroxide (15M): To 250 mL of D.I. water, add 150.0g NaOH.

SLOWLY! This solution will get very HOT! Swirl to dissolve. Store
in a plastic bottle.

6. Ammonium chloride buffer solution: In a 1 Jiter volumetric flask,
dissolve 85.0g of ammonium cﬂioride (NHgCl) and 1.0g of disodium
ethylenediamine tetracetate dihydrate (EDTA) in apBroximately 800 mL
D.I. water. Adjust the pH to 8.5 with 15M NaOH. Dilute to the mark
and filter through a .45 um filter. Refrigerate.

* See NOTES #5.
7. Sulfanilamide color reagent: In a 1l liter volumetric flask, add

aﬁproximately 800 mL of Milli-Q water. Then add 100 mL concentrated
p os?horic acid (H P04i.o Add 40.0g sulfanilamide and dissolve
e .

comB tely. Dissolve ? N-1-naphthlethylendeiamine dihydrochloride
NE % and dilute to one liter. Store in dark bottle at 43C. Stable
or 2 months when refrigerated.

8. Column Preparation:

a. Cadmium preparation: Place 10-20g of coarse cadmium powder
(Eranules) in a 250 mL beaker and wash with 50 mL of acetone,
then distilled water, then two 50 mL portions of 1 M hydrochloric
acid (8 mL concentrated hydrochloric acid plus 92 mL deionized
water). Then rinse thoroughly with deionized water. If using
cadmium for second time, rinse with 1 M hydrochloric acid before
beginning Brocess. AUTION: Collect and store all waste

cadmium. Wear gloves!

b. Copperization: Prepare a 2% copper sulfate solution 3209
CuSO4.5H%O) er liter of deionized water) and add a 100 mL
portio

o the cadmium prepared in "a" above. Swirl gent]y for
about 5 minutes, then decant the liquid and repeat with a fresh
100 mL portion of 2% copper sulfate. Continue this process until
colloidal copper is visible in the supernatant (a red-brown
precipitate) and solution remains blue in color. Rinse with D.I.
water until all colloidal copper is removed from the supernatant.
Wash once with ammonium chloride buffer. The cadmium should be
black or dark ?ray. The cadmium granules may be storéd in a
stoppered bottlie in ammonium chloride buffer.
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c. Packing the column (wear gloves!): Place a small piece of
polyurethane foam (or glass wool) loosely in the end of the glass
tube. Insert the plugged end of the glass tube into the column
end fitting. Cut a length of 0.032" 1d teflon tubing 3 to 4
inches longer than the column.

Insert the teflon tube in the end fitting and fill the whole tube
with water, holding the flexible tube in a U-shape so that the
ends are level. Place the second end fitting on the other end of
the teflon tubing. (Placing a small funnel onto the end fitting
may aid filling.) Taking care that no air bubbles are
introduced, place the copperized cadmium granules in the column.
Tap the column gently, ever{ 1-2 cm, to pack the granules. When
the column is packed to within about 5 mm of the end of the glass
column, insert another foam plug, then the column end fitting.
Store the column with the ends connected with a length of teflon
tubing, as air pockets or having the column dry out will
necessitate repackin?. If air remains in the column, connect the
column to the manifold and turn the pump on maximum. Tap column
firmly until all air is removed.

d. Column activation: The column must be activated before use or it
will not reduce nitrate. This may be accomplished by pumping the
10 mg/L nitrate standard through the sample line. When the
solution is injected, a brilliant pink color will be visible in
the coil. The cadmium column efficiency should be above 80%, if
less, the column must be repacked.

nterferences:

- Build up of suspended matter in the reduction column will
restrict sample flow. Since nitrate-nitrogen is found in
a soluble state, the sample must be pre-filtered.

- Low results might be obtained for samples that contain high
concentrations of iron, copper or other metals. EDTA is added
to the samples to eliminate these interferences.

- Samg]es that contain large concentrations of oil and grease
will coat the surface of the column. This interference is
eliminated by pre-extracting the sample with an organic solvent.

Samﬁles must be diluted to obtain concentrations within the optimum
working range. :

The gain and zero settings are guidelines and must be adjusted each
day to optimize.

Color will interfere: dilute the sample and also spike the dilution
to confirm the quality of the result. Record on data sheet.

NO3AAC1-3



ACS grade ammonium chloride has been found occasionally to contain
significant nitrate contamination, so an alternative preparation for
the ammonium chloride buffer (Reagent #6) is as follows:

In the hood, add 126 mL concentrated HC1 to a 1 liter volumetric
flask containing 500 mL degassed Milli-Q water. Mix. Add 95 mL
ammonium hydroxide and 1.0 gm disodium EDTA. Dissolve and dilute to
the mark. The pH should be 8.5 + .1, adjust pH if necessary.

System Operation:

1.

8.
9.

Refer to Auto Analyzer Operation - Start-up Procedure (IOP# LAA-
section A).

After pum?ing reaEents through the lines, turn off the pump and
insert column, making sure that air bubbies are not introduced into
the column.

Activate column if necessary. (See #8d. above.)

Analyze an initial calibration check standard, a blank, and a
reference standard at the beginning of each run. The blank must be
below the IDL and standards must be within the control limits.

To spike samples, mix equal volumes of sample and 1.00 mg/L standard
for a final spike level of 0.50 mg/L.

The calibration check standard is 1.00 mg/L NO3 (D).

If only nitrate is requested, nitrites must be analyzed and
subtracted from the nitrate + nitrite value.

After use, turn off the pump and remove the column from the manifold.

Refer to Auto-Analyzer Shut-down Procedure. (10P# LAA-Section B.)

Quality Control:

1.

Establish a standard curve with the standards listed above. The
derived concentrations for each calibration standard must be within
10% of the true value.

A quality control calibration standard of 1.00 mg{L and a blank are
to be analyzed, at a minimum, after every 10 samples. If less than
10 samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

Duplicate and spike a minimum of 1 out of 10 samples. If less than
10 samples are analyzed, a duplicate and spike are still required.
Spike recoveries and duplicates are to be within acceptable ranges or
data must be flagged appropriately.

Calculation:

1.

Calculate with Lachat Quikchem software, in the concentration mode,
using the IBM XT computer.
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